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Description 
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The terms terminator", 'chain terminator" and "chain terminating substrate" are used mt«rh»„n«*k. 

SeqUenC ' fl9 USUa " y be ° btained for DNA a*-* oitaWnTup toSS 
To determine a full sequence, the four sets of fragments produced by either Maxam-Gilhert ™- «5 anno r 

progression of lane assignments translates directly into base sequence MaXanM3 " bert Case) ' *» ,,near 
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characteristtcs as color change, Zmtoxc^Z™ZlJ^* l* 6 ?^ 080 be "y such 

ability of the reporter to serve S^Sl^ ST* 08 ^ ° r * may be P^ded by the 
contain groups detectable by conSoS °Vo °" l e *i^ specfl f complexes which 
radioactive) detection procedures S SS-ltaJid comZi ' Sp l Ctr ? h< ? tometrte - «"orometrlc or 
enzyme^substrate.antib^-antigen.canbohS^^^ be the i0m of P«*»n-ligand. 

cleic acid or nucleic aci^d conges ] P«*»^«**)r. protein-effector, nucleic acld-nu- 

anS?^^ 

requirements several daysin adv^'^rZl^ f P necessitates the anticipation of reagent 
fragments have been S^rateTm^a^ ^ to ^12, reagent. Once 32 P _ labeled DNA ^ 1 
electrophoretic analysis. TheTg ^tS? "t""* be subjcted to 

large volumes of^minated mXSS^^^^^J^V"^ b " a Separation ,eari to 
subsequent visualization of the labeled DNA fraqmeS JSSl'S ST" ^ aut ° radio9ra P hy for 
common) and adds considerable time to meSl L Jt^"*® 88 ( ° Vern ' 9ht Wures are 

associated with use of such potent radfoisSo^ ^ Rna " y ' there "* *• P 0881618 health risks 

comparing the four lanes. These distortc^oXn HmH ft^SSL!^ ^ lead t0 Senile. In 

The long times required for autoradlcXrT ImSSik^l^T' be ^ on a single gel. 

force a 'snapshot' mode of visualizations^ ZS2L£^J2L T? 88 " y * Usl " 9 four P 3 ^' 61 laros 
needed, very targe gels must be ^^^S^S^S^^^^'^^^^ 
are slow to run, adding more time to the werSi prV"* ^S 6 " 8 ^ difficult to handle and 

'-Tme^^^ 

attempts have been made to auton^he^eadino Z "fit* skilled sclenttst - Nume ™* 
interpreting a sequence gel is saTpaJnSewCSX ^ *** d ° ex,st ' bul »» P™ 888 of 

-P^e^ wfth an alternate, norwadioteotopfe 

^^toachieveasensil^^ to exception^ 

10 -« mole of DNA. One memodTdetertJ *L T^™ °" ** orderof 

fluorescence. DNA fragments could be labe?e^ vvS one of^^ ^"P , th j S ,evel of sensltM, y b 

.s c rSgrb^~ ,i9M — ^s^a-*j 

^^^^ -Id allow easfcr taring of the 

distinguishable on the oasis of some ^^^c^J^^tJ^'J 0 ^^" 1 Crescent labels 
would allow linking a given label uniqueTw^Se^enli ^ ^ disWbution ' Polarization) 

674*79 (1986). This system conce^ado^e^S ^ * NatUre ' VoL » 

speefflcs of the Implementation render sS^rScKS^T^ " PfeVi0US 3ection b * »e 
wavelength range of the emission niZCt^nt^ For ^P' 6 ' *• ^ 
system make it difficult to excite all fbundws efflSS^^* fragmerrts ,n ™* 

the significant differenfleJpertorbationsKecSX^^ 

make it difficult or impossible to perform sKa^e ^^^ a ^° m ?T^ meK ^ tcha ^ 
These difficulties are explicitly pointed out by Sh ^ the 881 " ^ «*d in this system. 

*ll>SS?U^^ sequencing fragments creates 

ended', double-stranded fragments of DNA pSSaJiSSfJ^ "T™*"* Hgated to 'sticky 
sequencing fragments produced in this fashton J^? 9 ? rt * ton C ' eavafle - ^ limite 008 to 

as primers. Four specie I primera . are^SSi T^f«L^ s !5 uencln 9- 5 '-«»ehd oligonucleotides are used 
process of synthesizing anTpu^^^ ° ne has to 9° throu 9 b *e compleS 

special primer is needed labeled primers. The same thing will be true whenever a 

">Bi>»nK** e <n™ mm ,i itaM|)rtn , e ,r | frr "127" *><N«teteg system, eftecMy all 
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disclosed a no^Sotopic^ tS^^^S^^^ VoL 13 « 31 «23 (1986), have 
fluorescent label Is co^^ Z^o Z^^^i l^^ * ffif f+l™******* 
enzymatJcaily extended In four^essefe Ihrouah thTttlll^*? 8 ol, 9°" UCleo,ide primer - ™ s P rfmer 
produce a series of erizymat^S Sfanl„^ , d , e °T UCl90tlde sequencing chemistry to 
dideoxvnudeottdecha,^^^ 

assignment from conventtonalXSKc «JL2EJ ? ? ° Ur ^ A bases which allows te™" 1 * 1 base 
fluorescent label is excited ^mtSS^^SX^JZSL lanes. The S'-tetramethylrhodamine 
this system has the advantage that a fluoresSn SrTKn T^J^f 961 Ahhou 9 h 

disadvantages associated wfth conventional^u e nrinn!„H^ P rad,oachve re P° rter . a» of the 

Until now, no one has created " STea^™ ^ ^ P/ 6 ^ 9 Iabeted primers sti " remain - 
detection with terminator Sgl^ 

labeled sequencing fragments would teS^ ■ tab * d , ctah terminators could be devised, 
f5 incorporated into a seauencLT,!^^ « ^ When 8 hbetad chain terminator is enzymatlcally 
^••teaScf^^^ associated with oSbefng 

distinguishable fluorescent report^S be ^^T^^^^ 0 ^^ 
during a singte primer extensK^nTd then to Z2L JZ?^ * ,nco,porate all four terminators 
gel lane. If such fluorescently Kd^rteSor^cSd toZ^Z?™** fragments ,n a ^ 
a> also be useful for other braes of ^J^^T?^r . dev ^ s ed. these compounds would probably 
f^ntly^c^terE e^ogs <£ 

manner useful for sequ^ng is^X^ a reporter "*° DNA in a 

strategies developed^- DNA l^uJZ^^Z^Zl problems - Compounds and/or 

To be useful aTa chain-termSTsubsSe^r iu^n<^bS dm° A ^ T k^"" 9 prob,ems - 
contain a fluorescent label and it must be^c^t^h^T^T ° N f, sequencln 9- a substrate must 
substrate candidates are expected to bL TJ^^lrJ^^ f ° r DNA. Suitable 

Because of the expectation^*" ^fluoreLfntT^ h °i * e na ^-°ccurring nucleotides, 

replication enzyme * 2 s£me lime ^ we^si^ei^h^iL C,e0t, fK Wi,, T * ,nt ° the actfve slta <* a 
from the nucleotide by a comectTm oZTS ^f^f ^ nave tne fluorescent label separated 
fluorescent label awa7from tnS sKSe'eS 5ELE te P °^^ 

both the label and the enzyme usedFor ^« rf^IST" ^ 5*"* 01 11,8 conne cting group can vary with 
requiremente.howeverXm^^ 

Is attached to the nucleotide and toTe fluoresce* ^ ne ^ ^ U P ^ °°nslsflng of alinkerwhich 
req^f 0 '^^ 

oligonucleotides (see bJS^^^^^tS^^ ***** t0 nUCteotides ™ d 

chain terminating substrate useful in ^SJSS? reqUlrements ,feted for use in a 

ooupHng reaction^ £525 Sn^l'suSrS^ ^ * 
disclose a method for attaching linkers 7to Z l^«S^^l^ UC,eOS,des - Klevan et *• W0 86/02929, 
disadvantage of this meSfe^mTra^ SLK? Sf T^S* and 106 N6 P° si,ion of Cosine. The 
Anomer potential « 

which one end of the triple bond is attachedto th*. nT^iS !?5 I ab ° we te 3,1 ^kynVamino linker, in 
toagroup which contain?a p^^^ 
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the protecting groups on the sugers 9 ' separat,n 9 me anomeric mixtures, and removing 

^s%Tr°T^ kyne ? * h -^iTe'Srf' 7,1,8 method - reported * « »" 

vincent et ai., Tetrahedron Letters, Vol 22. 945-417 noun i 

xyundines by the reaction of W 5'-M&(M m J^^T d,sclose the synthesis of 5-alkynyl-2'-deo- 
palladium or nickel catalyS^c^^^ 

diumOl) or °ichtoro(ethylene-(^ dfehlorc-blsfbenzonftn.ejpal.a- 

mSSS "h;$; SZ' ZS^tSiSP- disc,ose a method for •"<*» 

end SH^uracil'nud^ to 5?odo-1-methS 

Phine)palladium(ll) chloride and ^^c^m i^ d ^tv^™ ^ presence <* bfe(triphenvVphos- 

xyuridine was reacted with hexyne buS 22125^ 

major pn^ucts were me cyclizldfuren^S 

None of the above references discloses a Sod Z^Z^ , deSIF8d ^^uridlnes. 
methodology of Bergstrom fails, and matof Is^oS^in^ ^T^" 0 ,,nker to nucleosides. The 
end Vincent et aJ. have the potential ™ p^Z^J^^^^^^^^ 
Hjtermolecular nudeophHic addition of the SZ to™ ^LETSEfS £ reaCtt ° ns (e ' 9 " «**■*» or 
Coupling reactions have been reported onlywim 'iodo^jS^J JfJT, k contains 80 amino group. 

base^Since Pd-catalyzed coupling reactions gen^^^^^^^ electroivdeflclent uradl 

J^anticipa^^^ 

There remains a need for famine nucleotides and for methods pemtfting their preparation 
SUMMARY OF THE INVENTION 

U^^kTT™*™ " ^^MCeoUdes having the structure: 
su*on,,refereW is ,^^ 



0 KH. 



X' • £r . Co .. 

"< R 4 « 4 R 4 

2 is H or NH 2 ; and 
R 4 is a sugar or sugar-like moiety: 



R 5 
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and wherein R 5 is H. P0 3 H, , P, o« H, P n u 

and when R 7 =R 8 , H then R« -h oh I m 3 L 4 w salts thereof - /» 
OH^orwhenR, IcH^J^&^lSF* :orwh *" R > =»"™e =OH.thenR e =Hor 

The.abe.eda.kyny.amino-nuc.eotlde.ofthlsinvention «s a reporter (label). 
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DETAILED DESCRIPTION OF THE INVENTION 

rri S,t!!ff T d to 1 i^ r P° rate porters in the DMA sequencing fragments in a base-specific fashion is a 
critical feature , of any DNA sequencing system. The use of the aJkynylamino-nucleotides of this invention 
permit the modrfication of the Sanger methodology most advantageous^ by attaching are^SbS^ 

dSS n Z?t d h e ,° w tem,inat ? r - A,th0U9h the rcp0rter « be ' from * vWde vSetyof re^Sy 

USSSH convenience, the preferred approach is illustrated below using fluorescent 

This approach offers a number of operational advantages. Most importantly, terminator labeling firmly links 

c^ a ,So e n a r ina,i0n W T "* 3 rep0rter ™" e,iminates of the LactsTtemed E 
«i„™! foqufncng. This approach also affords complete flexibility in the choice of sequencing vector 

lowmolecular-welght reagents which can be selectively introduced in a single reaction 
Thereare no inherent operational disadvantages; the problems with this approach are encountered in the 

^ 1^ ^^^^^f 8 "^^triphosphate with a covaJently attached reporter ^ 
t^rf^T ^.n terminating substrate for a sequencing enzyme. It might be thought that attachment of a 
X? * . 8 S ^S rate W0U,d cause large changes in the steric and electronic character of *e 

s^etomakert unacceptable tome er^^ 

SEkSX^E? fomd ' no ^^-* a » h » small size of me all^^ 

to atta* the alkynylammo linker to the 5-posltion of the pyrimidine nucleotides and the7-posrflon of the ourine 

.o^H alk r' l T inM1UCle0tideS ° f tWs invention wBI 06 "'"strated through the description of fluorescenttv- 
1^1^'™"° ohaln terminators. To delineate the structural scope and STof 

Sfco^ente Bd6S ° f * iS inVentfon ' * 18 useful to break ^labeled structure (I) 



30 triphosphate- sugar-net— c^CR 1 ^NR 2 -label (fluorescent) 

(i) (ii) (iii) (iv) (v) 

35 (") a triphosphate moiety, R 5 

(ii) a"sugar"\R 4 

(ill) a heterocyclic base (Het), 

(iv) a linker (-CsCR, NR 2 -),and 

(v) affuorescent label, R 3 . 



(i) Triphosphate Moiety (R 6 ) 

The triphosphate moiety' or a close analog (e.g., a-thiotriphosphate) is an obligate functionalitv for anv 

*2 h f? "T™* 5 *- ™ S P^des much of the SSSXwi 

the substrate and is the actual site of the enzyme-substrate reaction. 
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(ii) Sugar (R 4 ) 

™* ° SU9 ?C POrtj 0 " corresponds to the 2--deoxyribofuranose structural fragment in the natural enzyme 
substrates. This portion of the molecule contributes to enzyme recognition and is essential for malntaininq the 
™? atia, T bt r S . Wp be I ween ^osphate moiety and the heterocyclic base. To be usetof to? DNA 

Sr™,n^nfh q ^ "!f d J The hydroxyl ^ must either 06 replaced by another 

* I T*** °' mod,fied f"^ 086 fragments can fulfill this requirement, including: 
/rT l° Xy :^" D ^ b0furanosy ' F - San 9 er * al.. Proc. Nat. Acad. Sci. USA. Vol 74 5463-5467 (197711 
^-D-arabinofuranosyl, [(b) F. Sanger et a)., Proc. Nat. Acad. Sci. USA. Vol l 74 54^5467^77H 
y-deoxy^-p-ribofuranosyl [(c). Klement et al.. Qene Analysis Technology. Vol. 3, 59^(1986)] 
3'-amino-2',3'-dideoxy- J tf-r>ribofuranosyl [(d). Z. G. Chidgeavadze et al Nuc. AdT Res Vol 12. 
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1671-1686 (1984)], 

(1 ^^'- fluo ^^afuranosy. ,(e,. z. G. Ch.dgeavad.e e. a,.. FEBS Lett., Vo.. 183, 275-278 
^-dideoxy-^-didehydro-^-Mbofuranosyl [(f). Atkinson et a... Biochen,. Vo.. 8. 4897^804 (19*,,]. 



A^y, , 

hoToh > U 

<a) (b) (C ) 



(d) 



-V^y^ <W>^\ 

(e) (f) (S) 



o 

F* 



5 



HO OH OH ^ 
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methodology. The use a ofAcyNTP-s as chain-tenrtnS by 
conventional Sanger sequencing ^portert w2 9 fi a^?* b ^ emo " s t^ed by carrying out 
sequences ladders produced wtth AcrflTP wj SLl^^T^" 5 "" 0 ior ddNTP " s - The 
thatahigherconc^ntrationofAcyr^ISS 

fragments. The AcvNTP's are etfectrve b^h DNA ^olvmlm^t obtaina similar distribution of DNA 

fluorescently-labeled chain terminators are being S7L u t ^ whe " 8tructura "y complex. 
Xd,& SimP ^ T 9ent Synthesis «Sg ££££ ^rf^S 05 ^ 6 ^ flr0U P 88 a 
exa^^^ 

(iii) Heterocyclic Base (Het) 45 

hy^rrSXacSor^rfn I^SXi^ ST* «*■ «*■ - * 
essential for incorporation with the Utah fldelK™~? orientation. The heterocyclic base elements are 
the site of attachment of the linker % nece ^ fora ^ tes equerndng. This structural part Is also 
Preferred heterocyclic bases include: uracil (h), cytosine 0) 7-de a2a9 rteni„ 0 rn 1 ^ 50 

7- deazahypoxanthine (I). The unnatural 7-deaza£rimn^h?i , eaZa ? den,ne (P* 7 -*»azaguan(ne k). and 
net charge to the base portion andSiy^X^eSdSL^ "SST H* 0 " *** * 
bases which are functionally equivalent as hvdrcTen-b^ 

8- aza-7-deazapurinesand3.7-dJdea2aadenL ^^ ^. . ^ 9 , ^ and ^P^s can be used. e.g.. 

can be useTto place of p#££To " «e SSMS STTSr " d * 
numbered throughout as 7-deazapurines.) the heterocyclic bases are named and 
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(iv) Linker 

su£^J?ZS^!!r 0 9 H° U f h ° ne 8nd 01 *° W P te "on" fs attached to an amine through a 
bstrtutedd.rad.cal moiety. R, ,of 1-20 atoms; the other end of the triple bond is covalentlv 
attached to the heterocychc base at the 5-posroon for pyrimidines or the 7-posrtton tpJ^SSSSSZ 
am ' ne "J**" 1 afcynylamino group is atta^ra^cCrncTrSpfe a 
S^W K^^^"!^ 1 - ^ Bntar must 001 interfere with Wnd^rorSo^ bv 

tte pot^rase The diradical moiety can be straight-chained alkylene, C, -c 20 .mKSSSSS 

SJKi?? h ^ ^ ndS ; Wple b0ndS ' 9roups " h*™**" such as N O or S SheSoms 
d^HiXLi ^V*?"? 9r ° ups 35 ethere - thioethere . «ters. amines or amides. Substoen^n thl 
£££ 3 Can J n< ; IU K t e £ " Cb *#• «* ^ eth *. amine, amide or chloro gmupTpnSj me 
diradical moiety is straight-chained alkylene. C, -C 10 ; most preferably the diradical is -ChT . 

(v) Fluorescent Label (R 3 ) 

TMiomnt ttel provides detectable, emitted radiation following excitation by absorption of enerov 

chl^ntt™? flu ° rescent "^""S in a DNA sequencing meWd based on labeled 





1 (a-d) 



2 (a-d) 



where R 9 and R 10 include H. lower alkyl, lower alkoxy, halo, and cyano 

m*E££l 'Vr***** "J"™* <* structure 1. a) R 9 =R 10 - H . abs. 487 nm. 
-mu" «a ' YJt ' 10 =CH3 * ■ 494 nm ' emfe - 512 nm : c ) R 9 =CH 3 , Rio =H abs 501 nm 
amis. 519 nm; and d) R 9 =R 10 -CH 3 . abs. 508 nm. emis. 526 nm. tL instruments described by L M. 
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move along an axis perpendicular to the sensing area of the PMTs The fluW*,* 

amino group of the «*,, M ««,^St: SSSeJSS. *° m ° M *" " °" 
and provided that when R 8 is H or OH, R e must not be OH. 
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Nuc = ^ (fluorescent label) 
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Scheme 1 describes methods for preparing the alkynylamino nucleotides of this invention where the sugar 
is a 2,3-dideoxyribofuranosyl group. These methods are compatible with all of the sugars of this invention. 
When combined with known methods for modifying the sugars of nucleotides, these methods can be used to 
prepare alkynylamino nucleotides in which the 2,3-dideoxyribofuranosyl group is replaced by the other suoars 
of the invention. * 




^ O Het — 



H 
i 

3 -HO fl P 3 O x V^/ Het " s — R i ^ Fluorescent Label) 
Z 



Scheme 1 



A variety of routes can be used to prepare the first key intermediates, the iodonucleosides (4). (In some 
instances, the corresponding bromonucleosides can be used in place of the iodonucleosidesT) 

S-lodo^'-dideoxyuridine can be prepared by treating 2',3'-dideoxyuridine [Pfitzer et al., J. Org. Chem 
^ Vol. 29, 1508 (1964)] with ICI [Robins et a!., Can. J. Chem., Vol. 60, 554-557 (1982)]. 

5-lodo-2',3 r -dideoxycytidlne can be prepared by converting 2',3'-dideoxycytidine (Rayco Co.) to the 
corresponding 5-mercurio nucleoside [Bergstrom et al., J. Carbohydrates, Nucleosides and Nucleotides 
Vol. 4, 257 269 (1977)] and then treating with iodine. 

Although methods for preparing 7-deazaguanosine and 2'-deoxy-7-deazaguanosine are known, it has been 
55 snow n [Se^ et al., Chem. Ber., Vol. Ill, 2925-2930 (1978)] that electrophilic attack on 7-deazaguanines occurs 
at both the 7- and 8-positions. However, it has now been found that the desired 7-iodo-7-deazapurines can be 
obtained by treatment of 6-methoxy-2-thiomethyl-7-deazapurines with N-iodosuccinimide, followed by 
replacement of the 2-thiomethyl and 6-methoxy substftuents as shown in Scheme 2 and described in Example 
3. The use of N-iodosuccinimide for regioselective iodination of a 7-dsazapurine ring system is unprecedented. 
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Scheme 2 



5S5Ji?i5kn S0C ' j V0 '- 961 401M030 (1972 »1 and Robl ™ et al., [TetXZTeTvd :» 

3Sf 4 m P SynthBSfe ° f ^-^azaadenosine m shown in StS 
(7 ^!"!," <lea f a ^ enosinB ran b e prepared by regioselective mercuratlon/lodination of tubercldin 

£^^ffov B ? ,ne J'f rep0rted by Bergstrom et aI - J - Carbohydrates, Nucleosides JdSfc5k£nS? 
285-296 (1978) and Bergstrom et a)., J. Org. Chen., Vol. 46. 1424 (1981) nucleotides, vol. 5. 
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3$ Scheme 3 



Alternative routes to 74odo^3'-ddeoxy-7-deazaadenosine can be used which do not use tubercidin, an 
expensive fermentation product, as a starting material These routes are shown in Schemes 4 and 5 and are 
described in Examples 5 and 6. In one of these routes, the problem of regioselectively introducing an iodine in 
the 7-position was solved by another unprecedented iodination. In this case, treatment of 6-chloro-7-deaza- 
purine 32 with iodine monochloride afforded only the 7-iodo regioisomer 33. 
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C) CI 




32 33 21 

Scheme 5 



35 Although a method for coupling terminal alkynes with protected 5-iodouracil nucleosides using a 
Pd(ll)/Cu(l) catalyst has been reported by Robins et al. ITetrahedron Lett, Vol. 22, 421-424 (1981)], this 
method does not effect the desired coupling between alkynylamines (e.g., propargylamine) and the 
unprotected 5-iodo-pyrimidine or 7-iodo-purine nucleosides. The ability to use alkynylamines In direct coupling 
was highly desirable to provide directly compounds with an amine group for subsequent attachment of the 

4Q fluorescent label. Similarly, a method using unprotected nucleosides was sought to provide a more direct 
route to the desired compounds by eliminating an otherwise unnecessary series of protection/deprotection 
. reactions. 

Under the conditions described below, alkynylamines were successfully coupled to a variety of 
halonucleosides in excellent yields using a Pd(0)/Cu(l) catalyst. This coupling reaction was also successful 
45 when the alkynyiamine nitrogen was protected by an acyl group such as acetyl and trifluoroacetyl, 
alkoxycarbonyl group such as 9-fluorenylmethyloxycarbonyl group, and a sulfonyl group such as 
p-toluenesulfonyl group. Unexpectedly, the number of carbon atoms between the amino group and the triple 
bond was found not to be critical in the procedure described below; 

3-amino-1-propyne (propargylamine), 5-amino-1-pentyne, N-(2-propynyl)trifluoroacetamide, N-(4-penty- 
50 nyl)-trifluoroacetamide and N-(11-dodecynyl)-trlfluoroacetamide were all successfully used in the coupling 
reaction. 

The broad success of this Pd(0)/Cu(l) catalyzed coupling reaction is unexpected in view of the art. For 
example, Bergstrom et ai [J. Am, Chem. Soc., Vol. 100, 8106 (1978)] noted that alkynes failed to couple to 
5-mercuri or 5-iodo derivatives of uracil nucleosides using Pd catalysts. Also, Robins et aL [J. Org. Chem., 

55 Vol. 48, 1854-1862 (1983)] disclosed that the Pd(ll)/Cu(l) catalyzed reactions of S'.S'-di-O-acetyl-S-iod^-deo- 
xyuridine frequently produced cydized products. When the process described below is used, the coupling 
succeeds even with alkynylamines (such as 5-amino-1-pentyne) which have the potential to cyclize readily. 

Typically, the alkynylamino-nucleosides of this invention can be prepared by placing the halonucleoside and 
Cu(i) in a flask, flushing with Ar to remove air, adding dry dimethylformamide, followed by addition of the 

SQ alkynyiamine, triethylamine and Pd(0). The reaction mixture can be stirred for several hours, or until thin layer 
chromatography (TLC) indicates consumption of the halonucleoside. When an unprotected alkynyiamine is 
used, the aJkynylamino-nucleoside can be isolated by concentrating the reaction mixture and chromato- 
graphing on silica gel using an eluting solvent which contains ammonium hydroxide to neutralize the 
hydrohalide generated in the coupling reaction. When a protected alkynyiamine is used, methanol/methylene 

55 chloride can be added to the reaction mixture, followed by the bicarbonate form of a strongly basic anion 

14 
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^ .7" ^ he " 8t " TBd f0r about 45 min - filtered - 8,1(1 *» resin ^sed with additional 
methanol/methylene chlonde. The combined filtrates can be concentrated and promptly purified Ibv 
flash-chromatography on silica gel using a methanol-methylene chloride gradient * 

7^ 7 al !? mylamin0 " nUCl ? 0t "?! S ° f this invention "» P^erably prepared from 5-iodopyrimldine or 
7-iodo-7-dea2apunne nucleosides, but the analogous bromonucleosides can also be used. tThe PdlOVCufl) 
catalyzed coup ing reaction can also be used to Introduce alkynylamine groups at other positions on the 
aromatic or heteroaromatic ring, provided only that the appropriate halonucleotlde is available 1 
triSTn^^T/ 0 ' the WWJ* 1 ® catalyzed ^upllng reaction are terminal alkynes wherein the 
2L52l£j£ V° n am " 1e bV a diradical m0iety 01 U2D atoms - ^ diradical moiety can be 
su^ght ; cha.nalkytene.(C 1 -C 20 .e.g.,-C 3 H a -),orcancontaindoublebonds(e.g.,asin-CH = CHCH 2 -) 
tople bonds (e.g., as in -C aC -CH 2 -) or aryl groups [e.g., (para)-C 6 H 4 )-. o plra-CH, -C e Ha-] the 

It? SS ° "E? he ? er0at0 r SU ° h 88 N ' ° 0r S in *• chain 35 S amine or imWo 
groups. Suitable substituents on the diradical moiety can include C, -C a alkyl. aryl ester ether amine 

am,de or chloro groups. PreferBbly.thediradicaJisastraigW-chain^^ 

diradical is -CH 2 , Suitable substituents on the amine are lower alkyl (C, -cl ) and protect groups S 
as tnfluoroacetyl. In general, the amine of the alkynylamine can be primary, secondary or tertiary For use as a 
™- *" ^^"V 8 Preferably a primary amine. The amine of the alkynylamine is ususally 
am ' ne P"? tecM f n is required 10 the next ste P- 109 coupled product is also more reaX 
punfied when this amine .s introduced in protected form. A trifluoroacetyl protecting group is preferred 
because rt is ; easity removed after the coupling product is converted to the corresponding 5'-triphShate 
Generally, a 1 5-3.0 fold excess of alkynylamine (relative to iodonucleoside) can beused to InsurSplete 
conversion of the iodonucleoside to an alkynylamino-nucleoside complete 

hr™l^M! ntS H for tha ^P"" 0 - reacti0 " delude polar solvents which dissolve the lodo- or 
tomonudeoside and no not decompose the Pd(0)/Cu(l) catalyst system. N.N-Dimethytformamide (DMF) 
S n s ^n^^ et ^ SU,f0Xide (DMS0) ' nexamethylphosphoramide (HMPA), andScohols 2nd f be 
%ZLZ2?T ^« S « ma J' amounts of wa,er m ^ acceptable. Preferably, the solvent Is DMF 
Preferably, the concentration of the halonucleoside is 0.02-1.0 M. most preferably 02-05 M 

catalysts are Pd(0) complexes, for example. tetraWs (Waiylphosphlne)Pd(O) Preferablv the 
Pd(0) catalyst is tetraWsjtriphenylphoephineJPdCO). The amount of Pd caiSyst used is gSLS^StSi 
(based on iodonucleoside). preferably 5-15 mol<Vb. The larger amounts of catalyst are u^dto conducUhe 
reaction on a very small scale or to decrease the reaction time for coupling 

pref^^r 08 ^* fe preferably a cuprous nalide or Pseudohalide (such as cuprous cyanide), most 
The mole ratio of Cu(l) co-catalyst to Pd(0) catalyst is more than 1.0 but less than 20 When a protected 

SHESZT? r fe ,? d m u°' e ^ ° f ^ is 2 - *■ ^kynylaminfls^S tne 
J° ° 3e " 81001 diminishes me «W activity «f the copper. In this case, a Cu/Pd ratio of 5fe 
preferred In erther case, no reaction is observed at room temperature when Cu/Pd - 1. The reaction rate 

fnSir^t 8 ^ thC f U,M ^ 'r 68868 - ^ protected famines and Cu/Pd ratios greats? man 
* -r-fT? " *" ,ncrease is aoo °mpanied by increased side-products, as indicated by TLC 
J2"K ""^t* Serves . a L ar 'acid-scavenger in this reaction; other strongly basic amines can also be 
EM^^JZr** 080 8180 ^ - *• scavenger, but preferably 

u ^ f nl!?J 6 l alkynylam M 0 !l ,JCl ^ SideS 080 1)6 concerted to the corresponding S'-triphosphates by treatment 
ImS^S^S^ pyrophosphate [Ruth et al.. Mol. PharLcoMIS 

iS J^J^f^ tnphosphate can be purified at this stage by ion-exchange chromatography by 
2 in^tfn E latile .^ uffer a«ch as triethylammonium bicarbonate. The desired nucleoside triphosphate Is 
KITS? !T S t Pr0a V Ct f.• DUt | y°P hili2a «cn results in some removal of the protecting group onthe 
£LS ^SS.^Z 1 "* Pr0t8Ctin9 9r0UP ' 8 8 """c-oacetyl group. Deprotectlon can be completed by 
treatment with 14% aqueous ammonia and the product can again be purified by ion exchange 

^TZ^f m ^lT' rea,the J nkBrandlts pr0tectin9 9™°°° notappWrto byconversion to a 
SSnS 8 !; tn f h method o'o9y can be used to prepare a wide variety of nucleoside mono-, dh and 
tnphosphates with protected or unprotected alkynylamino linkers 

After the preparation of the alkynylamino-nucleotides of this invention, the stage is set for the production of 
any desired reporter-labeled aJkynylamino-nucleotide of this Invention Production of 

JUlST^!!^ ^l™. Auorescently-labeled aJkynylamino-nucleotide chain-terminators (34^7) shown 
tolow is denved from altynylam^^ 

JfSSLTii^H? bV ^o^ccinimide esters 2 with 3S.de 

tnphosphate 6, followed by ammonia deprotectlon. " 
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These four flucrescently-labeled chain terminators were used in place of the standard dideoxynucleotide 
chain terminators when sequencing DNA using AMV reverse transcriptase according to the procedure of 

30 Zagursky et al, Gene Analysis Techniques, Vol. 2, 89-94 (1985). The resulting fluorescentl^abeled * 
sequencing ladders can be analyzed by an instrument designed to detect fluorescent molecules as they 

migrate during gel electrophoresis, preferably by the instrument described in copending application S.N , 

by Robertson et al. (IP-678). A system of this type using two filters is described in the copending Robertson et 
al. application, the contents of which are incorporated herein by reference. As described in Robertson et al., a 

35 pair of modules are positioned above and below a plane in which the reporter exciting light beam scans 
multiple lanes on an electrophoresis gel. Each channel contains reporter-labeled DNA fragments. Each 
detection module comprises a photomultiplier tube having a wide entrance area and a separate wavelength 
selective filter positioned between its PMT and the fluorescent species in the gel. These filters are interference 
filters having complementary transmission band characteristic which simulate the dichroic filter action. The 

40 filters permit the PMTs to generate signals that vary in amplitude in different senses as a function of the nature 
of the species. One filter largely passes the lower emission wavelengths and rejects the high emission 
wavelengths while the other filter does precisely the reverse. Transmission filters may be used with each 
interference filter to reject light from off axis angles greater than a predetermined angle. The wavelength filters 
have roughly complementary transmission vs. wavelength characteristics in the emission region of the four 

45 dyes, with the transition wavelengths occurring near the center of the species radiant energy spectra. 

Detection of the fragments can also be carried out by the methods described by Smith et al., Hood et al., and 
Ansorge et al. Simultaneous analysis of four bases in a single lane using the information provided by this 
particular set of four fluorescent dyes, however, can only be done by means of the signal processing systems 
described in the above co-pending patent application. 

50 In order to compare the results obtained by fluorescence detection with those obtained by standard 
sequencing techniques, this set of four labeled chain terminators has also been used to generate 
fluorescently-labeled sequencing fragments which also contain a 32 P reporter. (The 32 P reporter can be 
enzymatically incorporated during primer extension by adding labeled dNTP or by 5'-labeling of the primer with 
a kinase.) The resulting doubly-labeled sequencing ladders can be analyzed both by autoradiography and by a 

65 fluorescent gel reader. These fluorescently-labeled sequencing ladders are very similar and functionally 
equivalent to ladders produced by the standard dideoxynucleotide chain terminators except that all bands run 
approximately two bases slower. The relative intensity of various bands in these sequencing ladders is 
modified by the addition of a linker and dye, but the modified chain terminator does not appear to cause any 
bands to be missed. Under appropriate gel electrophoresis conditions, the linker and dye on these chain 

& terminators do not cause any of the bands to migrate anomalously : a faster-moving band contains fewer bases 
than a slower-moving band. The spacing between adjacent bands with different dyes varies slightly depending 
on which dyes are next to each other. When using either fluorescent or radioactive detection under optimal 
conditions, these minor variations in relative band intensity and position do not interfere with the use of these 
chain terminators to sequence DNA. 

65 The usefulness of alkynylamino nucleotides for the preparation of labeled chain terminating substrates for 
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DNA sequencing is not limited to synthesis of only the set of four compounds shown above (34^37) Other 
combinations of sugars, bases and dyes have been assembled by means of an alkynylamino linker"and these 
compounds are also useful for sequencing DNA. 

In addition to their utility in preparing fluorescently-labeled chain terminators, the alkynylamino nucleotides 
of this invention are generally useful for attaching a variety of reporters to nucleotides or oligonucleotides s 
Because the most nucleophilic site in these molecules is the amino group introduced with the linker, a reporter 
containing an activated carboxylic acid (e.g., N-hydroxysuccinimide ester), an isocyanate, an isothiocyariate 
an activated aryl halide (e.g., 1-fluoro-2,4-dinitrobenzene), or other electrophllic functional groups of 
appropriate reactivity, can be selectively attached to this nitrogen atom. The resulting labeled adducts can 
then be used in other applications to be described below. 10 

Since the heterocyclic base subunit of nucleotides is used in the genetic code, the function of many 
nuc eotides is often determined by the nature of the sugar subunit. Likewise, the utility of alkynylamino 
nucleotides depends specifically on what type of sugar subunit is present. This utility will be diminished if the 
alkynylamino linker and/or the reporter interfere with a needed function of the nucleotide. The alkynylamino 
linker-containing nucleotides of this invention have distinct advantages such as: the small steric bulk of the 15 
alkynylamino-linker minimizes perturbation of the nucleotide; positioning the linker on the 5-positfon of 
pyrimidine nucleotides and the 7-position of 7-deazapurine nucleotides eventually places the linker and 
reporter in the major groove when the nucleotide is incorporated into double-stranded DNA (this will serve to 
minimize interference with hybridization and other processes, which require that a double-stranded 
conformation be possible) ; and alkynylamino-nucleotides with a reporter attached are excellent substrates for 20 
AMV reverse transcriptase. Because functionally-related enzymes tend to Interact with their substrates in 
similar ways, it is likely that these nucleotides will also be substrates for other useful enzymes (such as other 
reverse transcriptases, DNA polymerases, and RNA polymerases) which perform template-directed 
nucleotide polymerization. 

The alkynylamino-nucleotides of this invention offer an attractive alternative for the chemcial (non 25 
?.^^/^ eSIS ° f ,ab6led ^^^"Qonucleotides. Ruth International Application Number: POT/- 
U584/00279 discloses a method for incorporating a reporter group into a defined sequence single-strand 
oligonucleotide. The method includes the preparation of appropriately protected and activated monomelic 
nucleotides which possess a linker with a protected amino group, use of these monomeric nucleotides to 
synthesize oligonucleotides chemically, followed by the selective attachment of a reporter to the linker amino 
group. The small size of the alkynylamino linkers and their location on the 5-posrtion of pyrimidine nucleotides 
and the 7-position of 7-deazapurine nucleotides are expected to improve the performance of oligonucleotides 
containing them. An appropriately protected and activated monomer, (SJ), similar to one described by Ruth 
could be prepared from commercially-available S-iodo-^-deoxyuridine by the Pd(0)/Cu(l) catalyzed 
attachment of an alkynylamino linker, followed by the selective dimethoxytrttylatlon of the 5'-alcohol and finally 
conversion to a 3'-phosphoramidite with chloro(diisopropylamino)methoxyphosphine. This monomer and 
other similar alkynylamino-containing monomers are expected to be useful oligonucleotide synthesis and 
reporter attachment according to the methods described by Ruth. (The trifluoroacetyl protecting group on the 
hnker nitrogen is removed by the basic and/or nucleophilic reagents normally used for final deprotection 
during the chemical synthesis of oligonucleotides.) If the reporter Is unaffected by the reactions used in 40 
oligonucleotide synthesis, it could also be attached to the alkynylamino linker at an earlier stage 
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Although chemical synthesis of oligoribonucleotides is currently not as efficient or useful as synthesis of 
2^eoxyohgonucleotides, an appropriate monomer, [(39), -O-tetrahydropyranyl (OTHP)] could be prepared 
and used to make labeled RNA. *~~ 65 
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In yet another application, the enzymatic labeling of doubte-stranded nucleic acids can be facilitated through 
the use of the alkynylamlno linkers. Langer et al., Proc. Nat. Acad. Sci. USA. 78, 6633 (1981), disclosed a 
nick-translation method for labeling double-stranded DNA with biotin reporters. An allylamino linker was used 
to attach biotin to the 5-position of ^-deoxyuridine triphosphate and uridine triphosphate. The resulting 
5 biotinylated nucleotides are substrates for DNA and RNA polymerases. Alternatively, an alkynylamino linker 
could be used for biotin attachment or, in general, for the attachment of other reporters such as fluorescent 
dyes. Adenosine triphosphate analogs (40) and (41) with alkynylamino linkers could be prepared more easily 
than adenosine analogs with an allylamino linker. Nucleotide triphosphates analogs of (40) and (41) could be 
used for nick-translation labeling of DNA or RNA by the enzymatic procedures of Langer et¥. 
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40 : R = H 
41: R s OH 



The following Examples illustrate the invention. 

All temperatures are in degrees centigrade. (25° refers to ambient or room temperature). All parts and 
percentages not otherwise indicated are by weight, except for mixtures of liquids which are by volume The 
following abbreviations are employed: 

DMF-dimethylformamide; DMSO - dimethylsulfoxide; NHTFA-trffluoroacetamido-group; TEAB -triethylam- 
monium bicarbonate; Tris -tris(hydroxymethyl)aminomethane; SF -succinyffluorescein; NMR- nuclear 
magnetic resonance spectrum; IR - infrared spectrum; UV - ultraviolet spectrum or detection; TLC - thin layer 
chromatography on silica gel; HPLC- high pressure liquid chromatography; GC - gas chromatography; mp 
-melting point; mp d - melting point with decomposition; bp - boiling point. In reporting NMR data, chemical 
shifts are given in ppm and coupling constants (J) are given in Hertz. All melting points are uncorrected. Ion 
exchange resins were washed with appropriate aqueous and organic solvents prior to use. The identity of all 
compounds described herein was established by appropriate spectroscopic and analytical techniques. Unless 
otherwise noted, purification by chromatography on silica gel was performed as described by Still et al., J. Orq 
Chem., 43, 2923-2926 (1978). 



EXAMPLE 1 



PREPARATION OF S-O-AMINO-l-PROPYNYLJ-^-DIDEOXYCYnDINE 5'-TRIPHOSPHATE (42) 

(Compound 42 is an example of structure 6 wherein Het is cytosine (i) and R t is -CH 2 -. It is the immediate 
precursor to labeled chain terminator 35.) 

A. PREPARATION OF N-PROPARGYLTRiFLUOROACETAMIDE (43). 

Propargylamine (24.79 g, 0.450 mole; Aldrich, 99<Vb) was added dropwise over 1 h to methyl trifluoroacetate 
(69.19 g, 0.540 mole, 1.2 eq, Aldrich) at 0°. After stirring an additional hour at 0°, distillation though a 15 cm 
Vigreux column afforded 62.12 g (91%) of trifluoroacetamide 43 as a colorless liquid (bp 68.5-69.5° at 1 1 torr) 
65 ™ s material was homogeneous by NMR and GC and was used interchangeably with spectroscopically-identi- 
cal material prepared by acylating propargylamine with trifluoroacetic acid anhydride. 
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B. PREPARATION OF S-IODO-^'-DIDEOXYCYTIDINE (44) 

and dichloromethane (100 mL). S£ .ffiSlSS^ Z, "T" T ' (5 ° mL) 
a clear purpte Motion was present Afler 4 h tbeZ Ko^J ^SSS^TS^S T 
weakly basic polystyrene resin) was added anrt huH™^! -*j TTL, (20mL,30meq, Bio-Rad; a 
Complete prestation of 2^,^^%?^* ^, bubb ^ int ° * e reactio " *» « min. 
filter aid was washed with 1 1 methMoTXh^^^^ L L eaCtK>n ^ filtered tnou 9 n fllter •« ««d *e 
the loaded silicagei ^ 
dichloromethaneaffordedWg^ 
boiling water afforded, after va^umX™ ^^^^ 
1 H-NMR fDMSO-d. i- ft m uiu uT f ™ ' ,ar86, anaW'cally-pure prisms (mp: d 178°) 

■I -^and^ f--* ft** 

mL, Aldrich) was added to produw a oTm '^E ^ ^ "?! ar9 ° n ' dry di ™»hylfonnamide (10 
iodide. N-P^pargyftn^^^ cuprous * 

eq, stored over molecular sieves) were add^vfesvrin™ T^f^^^T J. 0 ^ 6 ml - 4 00 mmo1 - " 
0.20 mmol. 0.10 eq) was weighedMoTvlaJ^ 

dissolved, affording a yellow soluflon wh ch m£Z2£££! mbrtura *»» cuprous iodide 

to proceed until TLC indlcSh^^^^ ♦ ^ dariwned over several hours. The reaction was allowed 

evolution of gas ceased After <m min ^ ' added - After sfrrtng for about 15 min 

dichloromettTemSol RtaSSS ed w^ri" " d *• reS,n "*> wtth 1 :1 

(Re^ofdlmethynonn^ ■ «** evaporator, 

by chomatography on 100 g of silica gel u*n VwSr1B*l*£t Zll .? S"!,^ Imm8dtete ^ P"^ 
solvent from the appropriate fractions affwded oS'mS^^,^ 8 "? 1 10 dlcn,orom °tt™e. Removal of 
crystalline foam wWchwas h^c^ne"^^ 

established to be a hemi-hydrate by elemanWanaSs P *° m * SMter pr8paration was 

Ca,u*tedforC 14 H 16 %^?CiSSil^^^^^ 

at -10- for 30 min, a second aliquot of phosphonS SSSwe wSTl ^ 8 **8«»«««on mixture 
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oxychloride). the reaction mixture was added dropwise to a precooled (-10°) solution of tris(tri-n-butylam- 
monium pyrophosphate (6.0 mL of the above 1.0 M solution in dry dimethyfformamide). The solution was 
allowed to warm slowly to 25° while stirring under argon. After 100 min, the reaction solution was added slowly 
to a precooled (0°) solution of triethylamine (1 .4 mL) in water (20 mL). The solution was stirred with ice-cooling 

5 for 15 min and then allowed to stand overnight at about 2°. 

The volatiles were removed by vacuum evaporation at 25° and 0.5 torr. The residue was redissolved in water 
(75 mL) and applied to a column of DEAE-SEPHADEX ion exchanger (A-25-120, 2.6 x 65 cm bed) that had 
been equilibrated with: 1) pH 7.6, 1.0 M aqueous TEAB (300 mL), 2) 1.0 M aqueous potassium bicarbonate (300 
mL), and 3) pH 7.6, 0.1 M aqueous TEAB (300 mL). The column was eluted with a linear gradient of pH 7.6 

10 aqueous TEAB from 0.1 M (1 L) to 1.0 M (1 L). The column was driven at 100 mL/h while collecting fractions 
every 12 min. The elution was monitored by absorbance at 270 nm (40 AUFS). The desired material eluted as a 
well-separated, major band near the end of the gradient (Fractions 73-80). The product-containing fractions 
were pooled, concentrated (at below 30°), and co-evaporated twice with absolute ethanol. The residue was 
taken up in water (20.4 mL) and lyophilized. 

15 The intermediate product was taken up in water (12.5 mL) and concentrated ammonium hydroxide (12.5 mL) 
was added. After stirring for 3.5 h, the solution was stirred under aspirator vacuum for 2 h to remove the 
excess ammonia gas and then lyophilized. The residue was taken up in pH 7.6 0.1 M aqueous TEAB (10 mL) 
and applied to a column of DEAE-SEPHADEX ion exchange resin (A-25-120, 1.6 x 55 cm bed) that had been 
prepared as described above. The column was eluted while collecting 6 mL fractions with a linear gradient of 

20 TEAB from 0.1 M (280 mL) to 1.0 M (280 mL). The product eluted as a single major peak. The fractions 
estimated to contain pure product (#39-45) were pooled, concentrated (at below 30°), co-evaporated with 
absolute ethanol (2x), and taken up in water (9.8 mL). The solution was assayed by UV absorption and HPLC 
and then lyophilized. 

A dilute solution of the product showed absorption maxima at 240 and 293.5 nm in pH 8.2 50 mM aqueous 
25 Tris buffer. Assuming an absorption coefficient for the product equal to that of the starting material (9,300), the 
yield of product, based on the absorption at 293.5 nm, was 0.32 mmol (32%). HPLC (Zorbax SAX, 0.2 M pH 6.5 
aqueous potassium phosphate, monitoring 270 nm) of the final product showed essentially a single peak 
(>99%). 

iH-NMR (D 2 O): 8.57 (s, 1H, H6) f 6.03 (dd, J = 6.4 and 1.6. 1H, H1') f 4.42 (m, 2H, H4' and H5'a), 4.18 (ddd, 
30 J - 12, 5.5 and 3, 1H, H5'b), 4.036 (s, 2H, -CH 2 -). 2.5-1.9 (m, 4H, H2' and H30, plus counterion 
(triethylammonium) peaks. 31 P-NMR(D 2 O):-9.02(d,J = 20, 1P),-9.74 (d, J =* 20, 1P),-21.37(t, J - 20,1P). 
UV (pH 8.2 aq Tris): maxima at 240 and 293.5 nm. 

EXAMPLE 2 

35 

PREPARATION OF S-fS-AMINO-l-PROPYNYLJ^.S'-DIDEOXYURIDINE ^-TRIPHOSPHATE (46). 

(Compound 46 is an example of structure 6 wherein Het is uracil (h) and Ri is -CH 2 -. It is the immediate 
precursor to labeled chain terminator 34.) 

40 A. PREPARATION OF 5-IODO-2 r ,3'-DIDEOXYURIDINE (47): 

Dideoxyuridine (2.122 g, 10.0 mmol) was dissolved in 30 mL of warm methanol and, after cooling to 25°, 
iodine monochloride (4.06 g, 25 mmol, 2.5 eq, Rsher) in methanol (20 mL) was added over 5 min. The dark 
purple reaction mixture was heated in a 50° bath under nitrogen for 20 min and then immediately cooled in an 
ice-water bath. After standing without stirring for 165 min, the resulting precipitate was collected by filtvration 

45 and washed with cold methanol (2 x 10 mL). Vacuum-drying overnight afforded 2.232 g (66%) of iodide 47 as 
off-white microcrystais. This material was used without further purification in the next reaction, but other 
preparations were purified by chromatography or recrystallization from boiling methanol (30 mL/g) to give 
white needles (mp d 160-164°). NMR indicated that the crude precipitate was homogeneous, but also that the 
5'-hydroxyi proton was very broad due to exchange catalyzed by trace impurities. Chomatographed or 

50 recrystallized materials afforded spectra in which this proton was, as usual, a sharp triplet 

1 H-NMR (DMS0-d 6 ): 11.60 (broad s, 1H, H3), 8.57 (s, 1H. H6), 5.90 (dd, J - 2.0 and 6.6, 1H, H1'), 5.2 
(broad s, 1H, 5'OH), 4.06 (m, 1H t H4'), 3.75 and 3.53 m r 2H, H5'), 2.26, 2.02 and 1.84 (m, 4H» H2 f and H3'). 

B. PREPARATION OF ^(S-TRIFLUOROACETAMIDO-I-PROPYNYD^.S'-DIDEOXYURIDINE (48). 

55 lodouridine 47 was coupled for 3 h to N-propargyltrffluoroacetamide following the general method given in 
Example 1C. Chomatography with a 0-5% methanol in dichloromethane gradient afforded material which was 
homogeneous by TLC, but which was difficult to dry. After co-evaporating the chomatographed product 
several times with chloroform and vacuum-drying, 536.5 mg of alkynylamino nucleoside 48 was obtained as a 
white foam. This material was homogeneous by TLC and was pure by NMR except for a small amount (39 

60 moie%; corrected yield 66<>/o) of chloroform. 

1 H-NMR (DMSO-de ): 11.61 (s, 1H, H3), 10.07 (distorted t, 1H, NHTFA), 8.35 (s, 1H, H6), 7.26 (s, 0.39H, 
CHCI 3 ), 5.89 (dd, J = 6.6 and 3.2, 1H, H1'), 5.15 (t, J = 5.2, 1H, 5'OH), 4.22 (broad d, 2H, -CH ? N-), 4.04 
(apparent hept, J - 3.5, 1 H, H4'), 3.73 and 3.53 (m, 2H, H5'), 2.26, 2.03 and 1 .84 (m, 4H, H? and H3'). TLC (95:5 
dichloromethane-methanol, two elutions, UV): Starting iodide 47, Rf « 0.37; product 48, 0.28; catalysts, 0.95 

65 and 0.80 plus slight streakiness. 
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C A^ EP / R f TI0N ° F 5 -' 3 ' AMINO - 1 - p ROPYNYL)-2',3'-DIDEOXYURIDINE 5'-TRIPHOSPHATP urn 



EXAMPLE 3 



immediate precursor of labeled chain termirator 37.) ""^guanine (K) and R, is -CH 2 -. It is the 

A. PREPARATION OF 
|METHOXY-2-MET^^^ 

Chen, Ber., Vol. 93. 2777 &60), L ^^Z^rZ^f^^^t % M ' ^ 
mixture for an additional 45 min at room temoemti •re Q ~^ ?™??.f „ J\ m '?' After sam 9 me reaction 
added. The mixture was wdSSKfiKS ( ^ e an fl d ^ hl ° r0methan9 (3 °° mL) 

TheresiduewasdissolvedinberKeneandSso^n^ 

the organic layer over sodium sulfate and m»nnm«b^T ^ ter (2x) and brlne 1x • After drying 

REPARATION OP^METHO W -2^ETHYLTH.O-9-(2-DEOXY^^ I BOFU^ 

A suspension of ester 9 (19 g) and the hydroxide form of REXYN 201 resin (3S a „ , (m „ n K, k.., i 
exchange, polystyrene resin) in 600 mL of methanol was refluxedfo* 1 5h n^LZ 9 ' 8 S H?"? ly baslc - ^ 
was suction filtered to remove the resin ? . under nitrogen. The hot suspension 

dissolved in ether (450 mLJ^nd Jfte? 10 £ S ^J 10 ^^ *° *yneas. The solid residue was 
small amount of a Sred KriS Th ^^ W !f^L ered ^ Ugh a pad of fitter ^ »° rem <** * 
from a previous reactioSES ^ZZ^^'tSZl^ 

and me mother Bquorwas concentrated to^da^nrirr^o'Sf d '°' was collected by filtration 
and dried to afford a total of 843a mSt, ril^n dcro P-Ef " crop was washed thoroughly with ether 
ih mud mucin m . o »V VA l' S Wo > c* c'ol 10 as colorless crystals (mp 129-130°) 

c. preparation of 
pS°^ 

nitrogen for 30 min. a second addWon of riUhen JESS SEt^S n^ 9 * e rcactl0n mbrture at 650 under 
for 16.5 h. After cooling. meXfon mffe^ 

dichloromethaneand water. TheSSusteve^^ P art ™°n«' between 

layers were washed with 0.3 N^tf rochK 

sodium sulfate and concentrating puScE of '^cmde SS^E^T ^I^"* After d,y,n 9 
^•™omethano^^^ 

(s^H^imi^ ajd^ri'SM ^ 337 (m - «■ H5,) - 404 < m - 1H - ^ 
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D. PREPARATION OF 

ml A ^.M^^f^f- ( ^ 1 9) '. t* ne « h ytemInopyridirie (9.2 g). and phenyl chlorothionocarbonate (7.5 
E^ETlS ?P dK ^° romethane f 220 mL ) ««s stirred at 25» for 2 h under nitrogen. Since TLC analysis 
indicated that the reaction was incomplete, phenyl chlorothionocarbonate (4.0 mL) was added and the 
reaction mature was stirred for an additional 1 h. The solution was diluted with dichloromethane (280 mL) and 
was washed sequentially with 0.5 N hydrochloric acid (500 mL). 0.5 N sodium hydroxide (500 mifand brSe 
The organic layer was dned over sodium sulfate and evaporated to dryness 

mJ^nSj? ^ H de *i 0 " 0C ^ 0n f! e dissolved in *» to,uene (350 mL) and azoisobisbutyronitrile (350 
mg) and trHvbutyltln hydride (10 mL) were added. The resulting solution was heated at 100-105° for 10 min 
After cooling, the solution was diluted with a little ether and was shaken with 10% aqueous potassium fluoride 
(350 mL). The two layers were filtered though a pad of filter aid (to remove a dark sludge) and separated The 
0r9an,c »» washed *W 0-75 N potassium hydroxide and brine, dried over sodium Sulfate and 
^Tf 1 ^ Ch0 ™'° 9 '; a P h I of the nmm "0 °" on gel with 1 :1 dichtororr»ethane-ether and then with 

E. PREPARATION OF 

™ L 2* fter s * ,mn 9 !" the dark under n^ogen for 16 h. 10% aqueous sodium bicarbonate (25 mL) was added 
m n r f" 06 "^ lnvacu ° at 500 to a volume of 100 mL This solution was partitioned 
between water and ethyl acetate. The organic layer was washed with 5% aqueous sodium hydrosuffite and 
bnne dried over sodium sulfate, and concentrated. Chomatography of the slightly impure product on silica gel 

iu^wL 0r ,° methane afforded 1168 9 I 95 ™) <* Iodide 13 as a colorless glassed. 
«J «^ R , (CDCl3 ): a06 - ZZ4 - 8011 241 ( m - W - W and H8"). 2.58 (s, 3H. SCH 3 ), 3.30 (m 2H H5') 4 10 fs 
3H OCH 3 ), 4.29 (m. 1H H4',. 6.47 (dd. J » 6 and 4. 1H. H1Q. 7.19 (s. 1H. H8). IXmSlM ZStH % 
This data was obtained from a different batch of 13 prepared as described above. y ' 

F. PREPARATION OF 

Sodium thiocrisolate was prepared by adding sodium methoxide (1 eq) to a solution of thiocresol in 
ThT "l^T ev *f° rat,n 9 t0 ^ess. A mixture of methyl ether 13 (4.0 g), sodium thiocresolate (4.0 g), 
and hexamethyt»hosphoramide (10 mL) in dry toluene (150 mL) wasTifluxed under nitrogen for 4.5 h After 
cooling, the mixture was partitioned between ethyl acetate and water. The organic layer was washed with 
^m i'ir 6 ' fTLT d TJH me - Bnd eva P° rated t0 *Jnees. Chomatography of the resulting crude 

> I4S? colorie1s 9 gS^lid n "^'^ dichloromethan8 ^ded 3.80 g (97X>%) of deazapurinone 

Vu^nx in?£ 3 , ):2 "f' 225 ' "* Z4Z (m ' 4H " H2, ^ "30. 2-60 (s. 3H, SCH 3 ), 3.30 (m. 2H, H5'), 4.28 (m 
1H, H4'), 6.40 (dd. J = 7 and 4, 1H, H1'). 7.05 (s. 1H. H8), 7.30 and 7.46 (m. 15H, trityi H), 10.00 (broad s. W, 

> G. PREPARATION OF 740DO-5'<^TBIPHEhiYLMETHYL-2'.3'-DIDEOXY-7-DEAZAGUANOSINE (15) 

r, ^^hloroperoxybenzoic acid (1.23 g. 85%. Aldrich) was added to a stirred solution of memylthtoether 14 
(3.6 g) in dry dichloromethane (150 mL) at 0° under nitrogen. After 15 minutes, the cooling bath was removed 
and stirring was continued at 25° for 40 min. This solution was washed with aqueous sodium bicarbonate and 
bnne and dried over sodium sulfate. Methanol (two percent by volume) was added and the resulting solution 
was passed though a short plug of silica gel to remove polar impurities. The resulting crude sulfoxide (3 07 a) 
was dissolved in dioxane (40 mL) and placed in a glass-lined bomb. Ammonia (lao g) wJaSSd the 
mixture was heated at 100" for 2 h in an autoclave. The resulting solution was evaporated to dryneS The 
residue was dissolved in dichloromethane (20 mL) and filtered though a pad of filter-aid. Methanol (40 mL was 
added to the solution and, on cooling. 1.57 g of colorless product crystallized. The mother liouor was 
evaporated and purified by medium pressure liquid chomatography on silica gel with 5% methanol in 
dichloromethane to afford an additional 328 mg of product as colorless crystals. The total y^d of 
deazaguanosine 15 was 1.90 g (55.4%). y 

c 9m"wh R f?2 3 Ji ^ V*' ** 235 (m " 4H> 3,1(1 3.29 (m. 2H. H5'). 4.26 (m. 1H. H4'). 5.90 (broad 
HI). Recrystalhzation of a sample of this material from methanol-dichloromethane afforded crystals of mp 
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201-203°. 



H. PREPARATION OF ^.S'-DIDEOXY-T-IODO-y-OEAZAGUANOSINE (16)- 

nZStfSZ™* 6th8r - 117 9) in formic acid (12 mL > «~ s,lrred * room temperature for 10 min The 
resulting yellow suspension was then quickly evaporated to dryness in vacuo at 30- rh^JZr^.^ * 

Sff ^ ° 0ntainin9 8 ,,tt,e d,chto «-e yielded 838 mg (81 .$*) JJSSSn 
1 H-NMR(DMSO-d 6 ): 1.95. 2.09, and 2.26 (m,4H,H2' and H3') 3 48 and 3 54 fm ?H 'tun -?Qn/ m <u u ™ 
Hty ^ roa d t = 5, 1H, 5'OH), 6.08 (m, 1H, H1'), 6.32 (broad ^^'^^^,7^(^'w,l^^0^(bn^^H, 

^REPARATION OF ^(S-TRIFLUOROACETAMIDO-l-PROPYNYLJ-^-DIDEOXY-Z-DEAZAGUANOSINE 

"Todide 16 (376 mg, 1.00 mmol) was coupled for 2.25 h to N-propargyttrifluoroacetamide bv tha n«n«™i 
method given ,n Example 1C. Product and starting material mmZlS^^rSTtSr^^ 

'TSSSTVT - L P. (10 ° m 0DS " 1 mL/m ' n - 9^*^00% waStoTr^Sa^ove^ 

alkynylamino nucleoside 50 as a yellow solid. m 9 i 78 **"' °f 

^ H ;k M 1 (D ^°^ 6 > :1 - 96 .208.andi28(m. 4H.H2 1 and Hn 3.47 and3.55(m 2H H5'i 399f m 1H 

S^^iS^: 8 (C2, ind ^ ™ s 13C - NMR — - ^XKi 

REPARATION OF7-(3-AMINCM-PRO^^ 

JSSXl!! 0 n "?|T side 52 (0-90 mmol) was converted to the corresponding 5'-triphosohate and the 
EXAMPLE 4 

PREPARATION OF 7-(3-AMINO-1-PROPYNYL)-2'.3'-DIDEOXY-7-DEAZAADENOSINE ^-TRIPHOSPHATE 

(Compound 51 is an example of structure 6 wherein Het is 7-deazaadenine (i) and R, is -en it i= ^ 
immediate precursor to labeled chain termirator 36.) 8a ««oenine W and R, is -CH 2 -. It is the 

A PREPARATION OF 2--AC^OXY^-BROMO^'-(2-ACETOXYISOBUTYRYL)ADENOSINE (18) 

* l Z° X ^ H T fl b £ m !£ (195 mL - 150 mmo, « 5 •* P«W wording KS'of Russell et 

dtoSSS^sSi^ « • 9ma) dry acetonitrite (250 "iL, Aldrich). The suspended solid 
22 ^ the . reacbon stirred under nitr °9en for 22 h at 25°. The reaction nrlxtare was 
* dded t0 a solu ion of dipotassium hydrogen phosphate (43.55 g, 300 mmol 6 eo) in water MOO mL» 
stirring for 30 min. the solution was extracted with ethyl acetate (1 x 400^ mL and 3 1 SSMmn t£ 
organtefayers were dried over magnesium suifate and e'vapoS to dr£e2 to ^5 ^oM^^S 
foam. This material was greater than 95% one slightly broadened spoTby TLC WtoW detecloSTbSSS 

B. PREPARATION OF 2'.3'-DIDEOXY-2'.3'-DIDEHYDRO-7-DEAZAADENOSINE (19) 

(20 g^Xk^ ^ ^ time ° f -bou ™' min > 2lnc du * 
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S n ^ n ^f, WaS SU8pended ,^?? e wash was removed by suction while minimizing exposure of the 
zinc to ajr The couple was vacuum-dried for 30 mln. The above crude bromoacetate (1463 g) was dissotvedin 
\"??\ M ™<** and approximately 25 mL of solve* Si SETSKSK 
evaporator (45 . at 2 torr). Fresh zinc-copper couple (14.63 g. about 9 eq) was added and the resuttlna 

f™?^ ^ * 25 °- D """*» on the * *■ zinc^Ser couple S 
Si showa " ,nductro " P eriod and/or variable rate, so the reaction was altowed proceed unti TLC 
(90 9.1 d^loromethane-methanoKconcentrated ammonium hydroxide: starting material R,- 046 and 
products R,= 039 andO.36) indicated the starting material had been completely L^med In his ci S 
EST "7 ?° mp,e ^ ineSS tha " 15 mia After 100 min > ^t« d aqueous sodlmbSnate^^'was 
file^SlT^ 

filter aid was washed wrth methanol 2 x 50 mL . The combined filtrates were evaporated to drvness and the 
S^JSTx ISuSTS 0 ^ir^ aC6tate (15 ° mL) - ^queo?s!aye?rex^ed e 

aJE S ora 99 e c sem « 0 'j d «?f dtesolved in methanol (100 mL) and then water (25 mL) and REXYN 
™ * ( » 9 '» meq/ ?' ^ Wroxide form > were added. The reaction mixture was refluxed for a toted of 
^"."^9 ^ TLC (85:132 dichlormethane^nethano^oncentrated an, ™m S 
.ntermediate, Rf _ 0.49; final product 19, 054) indicated that the reaction had rapidly halted at about 7^ 
conversion so after 165 min, additional resin (29 g) was added. Without cocSgTe nSnwas 
filtration and washed with 1 :1 dichloromethane-methanol (2 x 75 mL). The combined filtrates w^e eWorld 
to dryness and the resulting purple solid was recrystallized from boiBng fm^S^^SSSS^ 
o^leto^asaoff^ite needles (mp205-206->).Asecondcropof0.6^ 

202-203-) was obtained by concentrating the mother liquors to 25 mL LJZ^fftta^SSZX 
homooeneous by TLC and pure by NMR except for a trace of isopropanol. 9 ' ' 

N H 7^T1, 6 (! ,: ^ S '2^ Hg : 7 - 15 (d " J = 36 ' 1H ' H8 >' " 2 Soad s. 1H. H10. 7.01 (broad s 2H 

C PREPARATION OF 2',3'-DIDEOXY-7-DEAZAADENOSINE (20) 
30 mn A Pa Ji^ ttl ?^f f har9ed witn 0,efin 1? (3-80 g). et&ol (76 mL), 10% palladium on carbon (380 

£5 fL"? 2 hydr09ea Aft8r shaki "9 fer « 7 h al 25", 14.5 psi of hydrogen had bee^Soroed 

and hydrogen uptake had ceased. TLC (two solutions with 85:13:2 dichlorornethane^eth^rclnceSd 

7aTn2?2tt n9 ~' 045: Pr0dUCt S 048 J showed comply SSSESS 

R^Sof sleS^r^r 3 rem ° Ve f by filtration th0 "3 h W«- aid and washed with ethanoK 
Removal of solvent from the filtrate and vacuum drying overnight afforded 3.98 g (104%) of dideoxvnudeoside 
20 as a whriafoam. NMR indicated that the product was homogeneous except or the praS^BwSto of 
ethanol (96% conrected yield). Similar batches of this material Listed crystallization SSS^S^ 
hygroscopic upon azeotropic drying with anhydrous solvents. Therefore this material v^oredWdS 

"TS? J - ?T NMR ** * e -"^cor^ed^o^^TnetS 

of crystaBmrty and spectral characteristics observed for this product were in accord with those reoorted 
previously by Robins et al.. Can. J. Chem., Vol. 55. 1259 (1977) reported 
'H-NMR (DMSO-d„ ): 8.04 (s. 1H. H2), 7.33 (d. J = 3.6. 1H, H8) 6 97 (broad s 2H NH , 1 fi «a? m i or 

5 J = tS, Sf ithand ^^•^ ar * ethano,CH 2 ).2.33,251 and2.02(m.4H,H2'andH3'),and1.06(t, 
D. PREPARATION OF 7-IODO-2',3'-DIDEOXY-7-DEAZAADENOSINE (21) 

aceSjT^S^oTlT' 0 ? ° f ?* ^ dlde T n " cteOSide 3» 8. 1 mmol), anhydrous sodium 
?Sw5 »T 2' 22 T?* 4 . Bq,> mereuno acetate (3.81 g, 1155 mmol, 1.00 eq, Fisher, 99.9%) in water 

9- 189 mmo '. 16 ^) and ethyl acetate (190 mL) were added. After 1 h, the suspended 

^dXlnl een ,°° n f U, !I ed " nd 8 0toar pUrpte SO,Ution remained - After 2 sodium sulfite (6.35^ «S 
T d,sappeared - After « ft *B for 30 min. hydrogen sulfide gas was gently bubled ™ 
m ' n ' ! t UWde (a b,ack col,oid) 30(1 iodide 2t < a white P^ar) preiipteted from Z 

SL?fTr PWM ° f mercur y<") assessed by TLCby monitoring the dLppearence of one 
of the two major UV-active spots. The reaction mixture was filtered though filter aid andleparated into 
layers The fitter aid was washed with boiling ethyl acetate (9 x 100 mL) until TLC WtaSTSa^SJS 
SSJSnf - " 8 extrac * ed H Each eth l" «*«e extract was washed wfth the aqueous leyS-Tne SnSed 
la y ers were d "ed over magnesium sulfate and evaporated to dr*nSs. The resulting cnSeSd 
turned red upon exposure to air. This material was dissolved in 3:1 dichloromethane-methanol MOOmLiand 
the free base form of A63 X4A anton exchange resin (5.0 g. BioRad, 29 meq/g (iTZTSed iZroS 
sulfide was bubbled into the red solution for 10 min and the red color was dlschkn^ed A^SS*2SS 
eliminated by bnefly warming and the solution was rapidly filtered though a 2 cm plug (15 To7s2 S 

filtrate and hydrogen sulfide was bubbled in for 10 min. The solvent was removed from mis mLreS a otej 
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evaporator and the silica gel was 'dried' by co-evaporating with chloroform (200 mL). This silica gel was 
rapidly loaded onto a silica gel column (500 g) which had been degassed with a stream of nitron . EUnS 
under nrtrogen wtth 5% (6 L) and 10% (4 L) boiling methanol in dichloromethane afforded 292 g "eSTof 
tod.de 21 as a white powder and 456 mg (7.5%) of less polar 7,8-dilodo ^.S'-dldeoxy-y-deazaadenosine 
Recrysteltohon of the major product from boiling ethyl acetate (200 mL) afforded 2626 g of white needles 
(mp 58-160 ) Conrantraton of the mother liquors to 10 mL afforded a second crop of 0.391 g of light red 
needles (mp 156-158°) Both crops were homogeneous according lo NMR and TLC and togethe? represent 
64% overall yield of iodonucleoside 21 from olefin 19. ^ 

1H HVM SftT* SS ¥ Ki7" (S ' 1H - m l- 6 - 65 ( broad ^2H.NH 2) .6.34(dd,J = 4.4and6.8. 

f-P REPARAT10N OF ^^'FLUOROACETAMIDO-l-PROPYNYLJ^a'-DIDEOXY-r-DEAZAADENOStNE 
(52). 

Iodide 21 (720.3 mg 200 mmol) was coupled for 90 min with N-propargyttrifluoroacetamide following the 
8 ™ SSSS iSjfi ^« C - Chomat °9 ra P h y With To/b methanol In dichloromethane afSdeo 
705.8 mg (92%) of coupling product 52 as an off white powder which was homogeneous according to NMR 
and TLC. Realization from boiling ethyl acetate (10 mL) afforded 372 mg of whte nSrJstS (!£ 

JnU*"! KSJ 6 j ): T^tT i 1 ^^'?- 10 (S ' 1H " 778 <»• 1H - H8). 6.0-75 (very broad s. ; 
-th ^'i^ (dd> J Tk 45 . 1 0, 1H ' m ' 498 (t ' J = 5 > 1H - 5 ' 0H >- 431 ( s «9 h «y broadened s, 2H 

rT ^T^S^TxT"^^" 3 ^^^ ammonium hydroxide: UV): iodkte 211 

RTOEPARATIONOF7-(3-AMINO-1-PROPYNYL)-2',3'-DIDEOXY-7-DEAZAADENOSINE5^TRIPHO 

Alkynylamino nucleoside 52 (1.00 mmol) was converted to the corresponding 5'-triphosphate and the 
tnfluoroacety group was removed following the general procedure described in Example IE. After addittonof 
™ ° 0nd f T 0t of P hos P ho " JS oxychloride, the solution was stirred for 120 min. Assuming an absorption 

4.»^ 

TriTnTa^a^^^^ - 



EXAMPLE 5 



i 



30 



40 



A SECOND PREPARATION OF 7-IODC^3'-DIDEOXY-7-DEAZAADENOSINE (21) 
(Compound 21 is an intermediate prepared and used in Example 4.) ~~ * 

A^PREPAFUTIONOF6-CHLORO-2-METHYLTH!0-9.(2-DEO^ 

^^J^^li^^T n l T T ed , ^ monium "ydroxide (210 mL) were added to a solution of 45 
t^l ^I a k £ ^ { ^'-O-P-to'uoy-S-deoxy- -D-ribofuranosyl)-7-deazapurine (22. 26.8 g, prepared 

^SS! d ^L^ m,8 T k ! t ?" J - ^ Ch8m - ^ VoL 106 - 6379 < 1984 » in dlchloro-methane (210 mL). 
The resulting mixture was stirred at room temperature for 5 d and then evaporated to dryness. The residue was 
dned by co-evaporation with ethanol. The crude product was dissolved in dichloromethane and coloriess 

uSfgSSSTlS^ TSftSlS?*" CO " eCtad 8nd W8Sh8d ^ ^ r to afford *> 

1 H-NMR (DMSO-de ): 2.26 and 2.55 (m, 2H, H2'). 2.57 (s, 3H, SCH 3 ) 354(m 2H H5'J 3B4fm 1H nv\ 
4.37 ( m . 1H. H40. 4.95 ,m. 1H OH). 5.34 (m. 1H. OH). 6.57 (m. 1H. H1 0 ? AS5 W^J™". ft X£ 
data was obtained from a different batch of diol 23 prepared as described above. 

B. PREPARATION OF « 

i-SmoSltl^Lr 3 /^ d b / ^^ra" 0 " d >Y Pyridine. Triphenylmethyl chloride (16 g), 
t2H ^ffi'SE*" J?° m9) * " nd trieth y |amine (8 0 mL) were added to a solution of the dry diol in dry 
pyridine (200 mL). After stirring the reaction mixture at 65° under nitrogen for 6 h. additional trtphenylmethvl 

25S2JS? ft"* tn ^ ,am ^ (1 ° mL) Were added and heat, "9 ™ s oo^ri for 17 h After coXg^ 
i hi was * dded 80(1 the reacti0 " "*<ture was evaporated to dryness. The residue was partitioned 
nT 1 - T 1 °" 3 N ^^c acid. The organic layer was washed with aqueous s<Sum 
bicarbonate and bnne. dried over sodium sulfate, and evaporated to dryness. Chomatograph/of the resulting 65 
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crude product on silica gel with Wo and 1.5% methanol in dichloromethane afforded 22.7 g (886%) of 
monotrityl ether 24 as a glassy solid. 

1 H-NMR (CDCI 3 ): 2.48 and 2.60 (m, 2H, H2'), 2.59 (s, 3H, SCH 3 ), 3.40 (m, 2H t H5'), 4.08 (m, 1H, H3'), 4.61 
(m, 1H, H4Q, 6.43 (m, 1H. H7), 6.68 (m, 1H, H1'), 75-7.5 (m, 16H, trityl H and H8). This data was obtained from a 
5 diferent batch of 24 prepared as described above. 

C. PREPARATION OF 
6-CHLORO-2-METHYLmiO-^ 

PURINE (25). ' 
10 4~(Dimethylamino)pyridine (16.5 g) and phenyl chlorothionocarbonate (13.5 mL) were added to a solution of 
trftyl ether 24 in dry dichloromethane (300 mL). After stirring the reaction mixture at room temperature under 
nitrogen for 255 h, dichloromethane t200 mL) was added. The solution was washed with 0.5 N hydrochloric 
acid (700 mL), 0.5 N sodium hydroxide (700 mL), and brine. The organic layer was dried over sodium sulfate 
and evaporated to dryness. 

15 The resulting crude thiocarbonate was dissolved in dry toluene (450 mL) and the solution was heated to a 
gentle reflux. Azdsobisbutyronitrile (600 mg) and tri-n-butyltin hydride (17.7 mL) were added. After stirring at 
reflux under nitrogen for 15 min, additional tri-n-butyltin hydride (2.0 mL) was added and the reaction mixture 
was refluxed for another 15 min. After cooling, the reaction mixture was diluted with ether (200 mL) and 
washed with 10% aqueous potassium fluoride (500 mL), 0.75 N potassium hydroxide (500 mL), and brine. After 

20 drying over sodium sulfate and concentrating, chomatography of the resulting crude product on silica gel with 
2:1 dichloromethane-ether and dichloromethane afforded 10.1 g of dideoxynucleoside 25. The impure 
fractions were combined and rechomatographed to afford an additional 3.76 g of pure "product These 
products were combined to afford 13.9 g (63.0%) of 25 as a colorless solid (mp 140-142.5°). 
1H-NMR(CDCI 3 ):2.11,^36,and^46(m.4H i H2'andH3'),2.60(s,3H.SCH3 h 3.33 (apparent d, J = 4, 2H, 

25 H5'), 4.32 (m, 1 H, H4'), 6.39 (d, J - 3.7, 1H. H7), 6.52 (dd, J = 6.7 and 3.7, 1H, H1'), 7.25 and 7.45 (m, 15H. trityl 
H),7.32(d, 1H.J - 3.7, H8). This data was obtained from a different batch of 25 prepared as described above. 

D. PREPARATION OF 

6-CHLORO-2-METHYLTHIO-9-(2\3M^^ (26). 

30 Trifluoroacetic acid (10 mL) was added to a solution of trityl ether 25 (7.58 g) in 1 :1 methanohdichlorometh- 
ane (100 mL) and the solution was stirred at 25° under nitrogen for 17 h. The reation mixture was partitioned 
between dichloromethane (500 mL) and aqueous sodium bicarbonate, and the aqueous layer was re-extracted 
with dichloromethane. The combined organic layers were dried over sodium sulfate and evaporated to 
dryness. Chomatography of the residue on silica gel with 0% and 5% methanol in dichloromethane afforded 

35 4.07 g (97.10/5) of nucleoside 26 as a thick colorless glass. 

1 H-NMR (CDCI3 ): 2.16, 2.26, and 2.50 (m, 4H. H2'and H3') t 2.63 (s, 3H. SCH 3 ), 2.76 (broad s, 1H, OH), 3.67 
and 3.93 (m,2H,H5'),4.27(m,1H,H4') t &38 (dd, J — 6.7 and 5J2 Hz, 1 H, H1').6.51 (d,J m 3.7 Hz, 1H,H7), 7.26 
(d. 1H. J - 3.7 Hz, H8). This data was obtained from a different batch of 26 prepared as described above. 

40 E. PREPARATION OF 2' 1 3'-DIDEOXY-2-METHYLTHIO-7-DEAZAADENOSINE (27). 

Ammonia (10 g) was distilled into a solution of chloride 26 (1 .83g) in methanol (50 mL) in a glass-lined bomb. 
The solution was heated in an autoclave at 100° for 15 h. After cooling, the reaction mixture was evaporated to 
dryness. Purification of the resulting crude product on silica gel with 0%, 3% and 5% methanol In 
dichloromethane afforded 1.27 g (80.4%) of deazaadenosine 27 as a colorless solid (mp 184-185°) 

45 iH-NMR(DMSO-d 6 ): 2.01, 2^1. and 2.39 (m.4H, H2' and H3'), 2.45 (s,3H. SCH 3 ). 3.50 (m, 2H, H5'K4.02 
(m,1H,H4'),4.83(t,J = 5.5, 1 H t 5'OH), 6.32 (dd, J - 7 and 4.5, 1H, H1') f 6.50 (d, J = 3.7, 1H.H7), 7.07 (broad 
s, 2H, NH 2 ), 720 (d, 1H, J = 3.7, H8). 

F. PREPARATION OF 2 f ,3 > -DIDEOXY-7-DEAZAADENOSINE (20). 

50 A mixture of 600 mg of 27 and excess Raney Nickel (Aldrich, pre-washed with water and methanol) was 
refluxed under nitrogen until TLC indicated the disappearance of the starting material (6 h). The hot solution 
was filtered though filter-aid and the collected Raney nickel was washed well with methanol. The combined 
filtrates were evaporated to afford 424 g (84.9%) of 20 as a colorless glassy solid identical to the material 
prepared in Example 4C. 

55 

G. PREPARATION OF 7-l0DO^3'-DIDEOXY-7-DEAZAADEN0SINE (21). 
Dideoxy-7-deazaadenosine 20 was iodinated following the procedure given in Example 4D. 

EXAMPLE 6 

60 

A THIRD PREPARATION OF 7-IODO-2',3'-DIDEOXY-7-DEAZAADENOSINE (21) 
(Compound 21 is an intermediate prepared and used in Example 4.) 



65 
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^S&XSSl^ 6 (10 ° mL > * ™ tha "°< (175 3SZ1 SEfik so.ut.on of 

stirring the resulting mixture at 2?tora5 6f 9 fl 984 " ln dlc M°romethane (100 mL). After 
After «tirrTn„ «T „ * . . 7 e ^ J addlt,onal concentrated ammonium hydroxide (50 mL) was added 

B. PREPARATION OF 

sodium bicarbonate and brine dried o^r Idium ^?^te ^ yer ^ washed ^ ac ' ueous 

C. PREPARATION OF 

D. PREPARATION OF 

dnutedv^mLo^ mbdure was 

layer was dried over sodium sulfate and evaporated to d^^sThmmftnn^r,^^! ^ ° rganiC 

E PREPARATION OF e-CHLORO-S-f^lDEOXY-jS-D-RIBOFURANOSYD-y-DEAZAPURlNF m., 

F^jREPARATION OF 6-CHLORO-9-(5-ACETOXY-2.3-DIDEOXY-^l -D-RIBOFURANOSYL)-7-DEAZAPURINE 
JSTlSSS^S JK ^mlti^Sf """Si ¥ (284 m9) h d * "•*» < 10 njL). After 
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was washed with 1 N hydrochloric acid (2x) and brine (1x). The organic layer was dried over sodium sulfate and 
evaporated to dryness to afford 295 mg (89oyb) of crude acetate 32 as a colorless glass. 

1 H-NMR (CDCI 3 ): 2.07 (s, 3H, acetyl), 2.20, 2.46, and 2.55 (m, 4H, H2* and H3'), 4.25 and 4.35 (m, 2H, H50, 
4.40 (m, 1H, H4'), 6.55 (dd, 1H, H1'), 6.65 (d, 1H, H7), 7.50 (d t 1H, H8), and 8.60 (s, 1H, H2). 

5 

G. PREPARATION OF 

6-CHLORO-7-IODO-9-(5-0-ACETYL-2,3-DIDEOXY-j? -D-RIBOFURANOSYL)-7-DEA2APURINE (33). 

A solution of iodine monochloride (340 mg) in dichloromethane (about 1 mL) was added to a solution of 
acetate 32 (200 mg) in dry dichloromethane (20 mL). After stirring at 25° for 3 h, the reaction mixture was 
10 partitioned between dichloromethane and aqueous sodium hydrosulfite. The organic layer was washed with 
aqueous sodium bicarbonate and brine, dried over sodium sulfate and evaporated to dryness. The residue was 
triturated with dichloromethane-ether to afford 135 mg (47<yb) of colorless crystals (mp 132.5-134°). 

1 H-NMR (CDCI3 ): 2.10, Z40, and 2.55 (m, 4H, HZ and H3'), 2.17 (s, 3H, COCH 3 ). 4.27 and 4.37 (m, 2H, 
H5'). 4.40 (m, 1H t H4'), 6.55 (dd, 1H, H1'), 7.72 (s, 1H, H8), and 8.60 (s, 1H, H2). 

15 

H. PREPARATION OF 7-IODO-2',3'-DIDEOXY-7-DEAZAADENOSINE (21). 

Ammonia (4 g) was added to a solution of 125 mg of chloride 33 in methanol (20 mL) in a glass-lined bomb. 
The bomb was heated in an autoclave at 100° for 3 h. After cooling, the reaction mixture was evaporated to 
dryness. The residue was dissolved in hot ethyl acetate and the hot solution was filtered though a pad of filter 
20 aid. After evaporating the filtrate to dryness, the residue was triturated with ether to afford 85 mg of slightly 
impure product 21 as colorless crystals. Further purification of this material by preparative TLG on a silica gel 
with 5W6 methanol in dichloromethane afforded 67 mg (63<Vb) iodide 21 as a colorless solid. This material was 
identical to that prepared in Example 4D. 

25 EXAMPLE 7 

PREPARATION OF 7-IODO-2',3'-DIDEOXY-7-DEAZAINOSINE (53) 
(Compound 53 is an example of structure 4 wherein Het is 7-deazahypoxanthine (1).) 
Water (18 mL) was added dropwise to a suspension of deazaadenosine 21 (720.3 mg, 2.00 mmol) in glacial 

30 acetic acid (2.0 mL) under argon to produce a clear solution. Solid sodium nitrite (1 .38 g, 20.0 mmol, 10 eq) was 
added though a stream of argon in small batches over 10 min. The resulting cloudy reaction mixture was 
mechanically stirred under argon and a gummy precipitate gradually formed. After 18 h, the reaction was 
filtered and the precipitate was washed thoroughly with ethyl acetate (100 mL) and water (about 10 mL). The 
combined filtrates were partitioned and the aqueous layer was extracted with ethyl acetate (2 x 50 mL). The 

35 combined organic layers were dried over magnesium sulfate and evaporated to dryness. According to TLC, 
both the precipitate and the ethyl acetate extracts consisted of product 53 and contaminated with less than 
5°fo of unreacted 21. Both batches of product were dissolved in 1:1 methanol-dichloromethane, combined, 
and evaporated onto silica gel (7 g). The silica gel was co-evaporated with chloroform (50 mL) and placed on a 
silica gel column (50 g). Elutjon with 8% methanol in dichloromethane afforded 558.3 mg (78<Vb) of 

40 deazainosine 53 as a pale yellow solkf. Two crops of white needles were obtained by recrystallizing this 
material from boiling isopropanol. These needles exhibited a melting point with decomposition that varied 
between 200° and 210°, The chromatographed and recrystallized products were homogeneous by TLC and 
NMR except for the presence of isopropanol (5 mole<Vb). 
*H-NMR (DMSO-d 6 ): 1£04 (broad s, 1H, H1), 7.93 (s, 1H, H2), 7.56 (s, 1H, H8), 6.29 (dd, J - 4.0 and 6.8, 

45 1H, H11, 4.94 (t, J - 5.0, 1 H. 5'OH), 4.04 (apparent hept, J = 3.5, 1H, H4'), £36, 2.18 and 1 .99 (m, 4H, YB> and 
H3'). 

EXAMPLE 8 

50 PREPARATION OF 5-(3-AMINO-1-PROPYNYL)-2M5EOXYCYTIDlNE 5'-TRIPHOSPHATE (54) 

(Compound 54 is an example of an alkynylamino nucleotide (I) wherein is -CH 2 - Het is cytosine (i), 
R2 * R 3 . R7 . 30(1 R s are H, R 6 is OH, and R s is P 3 0& H 3 -.) 

A. PREPARATION OF 5-IODO-2'-DEOXYCYTIDINE (55). 

55 A solution of 2 / -deoxycytidine monohydrate (1 .226 g, 5.00 mmol, Aldrich) and mercuric acetate (1 .753 g, 5.5 
mmol, 1.1 eq, Fisher) in methanol (20 mL) was refluxed for 14.5 h. The resulting white suspension was diluted 
with methanol (30 mL) and dichloromethane (50 mL) and then iodine (1.522 g, 6.00 mmol, 1.2 eq) was added. 
After stirring for 60 min, the resulting purple solution had decolorized and unreacted mercurial was still visible 
as a white suspension. After 100 min and 240 min, further additions of iodine (0.381 g, 1.5 mmol, 0.3 eq and 

60 0A22 g, 0.50 mmol, 0.1 eq; respectively) were made. After a total of 5 h, the reaction was crystal clear and 
purple. AG3 X4A resin In the free base form (5.17 g, 2.9 meq/g, 3 eq, Bio-Bad) was added and then hydrogen 
sulfide was bubbled into the reaction mixture for 5 min. Complete precipitation of mercury (II) was verified by 
TLC. The reaction was filtered though filter aid and the filter aid was washed with 1 :1 methanol-dichlorometh- 
ane. Silica gel (5 g) was added to the combined filtrates and the reaction mixture was evaporated to dryness. 

65 The silica gel was co-evaporated with chloroform (50 mL) and placed on a silica gel column (50 g). Button with 
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15% 20% and 300/ 0 methanol in dichloromethane afforded 1.378 g (78%) of iodocytldlne 55 as a white 

white needles (mp 79-180°). Concentration of the mother liquors to 10 mL afforded a second crop of 0140 a 
of pale yellow needles (mp 172-174'). With the exception of a trace of methanoi. both crops (teSR Jd.Sb) 
were homogeneous according to TLC and NMR 

o ™ / ( 1 = 5 * 1Hl 5 0H)> 4>20 (m - 1H - m - 377 (distorted q, 1H, H^). 3.60 and 3.54 (m 1H 

UV). starting matenal. R f = 0.15; product 55. 0.33; mercuiy(ll), 0.54. 

B. PREPARATION OF S-tS-TRIFLUOROACETAMIDO-l-PROPYNYLJ^-DEOXYCYTIDINE (56) 
JSSTJtS? 1 SrV* 00 mm °!l W ^f OUp,ed for4 h 10 N-Propargyltrtfluoroacetamide following the general 
procedure given in Example 1C. Chomatography of the crude product with a 0-20% methanol in 
ctehloromethane gradient afforded 3.84 g (102%) of white powder after vacuum drying ove^ght TtZwtarW 
was homogeneous by TLC. but tenaciously retained solvent Recrystallizatlon 3 Ste^Ser froTb^na 

(mp 168-170°). NMR showed that the recrystallized product was homogeneous andlhat the crvstate 
contained 0.5 molecules of isopropanol per molecule of product 56 ™ Cryst£Us 

(t. J = 6.5. 1H. HI'). 551 (d. J - 4.5. 1H. 3'OH). 5.06 (t. J = 5. 1H. 5'OH). 435 (d J - 4 OSH isom^Z 
OH). 458 (broad s. 2H. -CH 2 N-). 4.20 (apparent hex. J - 35 1H H40 378 S 1 5H H3«Bnd SS 
CH, 3.56 (m. 2H. H5'). 2.13 and 1.97 (m. 1H. HZ), and 1.04 (d, J L 6 . 3H fZS^i Si.T^A^Tz 

T-wwZ^Tol^"™™ 06 an " TOn,um hydro5dde ' ^ elutk>ns: UV): iodide 

C. PREPARATION OF o-O-AMINO-l-PROPYNYD-^-DEOXYCYTIDINE 5'-TRIPHOSPHATE (54) 
trifl^^" 0 nudeoside ^ <°jff mmol > ««8 converted to the corresponding 5'-triphoSphate and its 
tofluoroacetyl group was removed foHowing the general procedure given in Example 1E After addition of the 
second I aliquot of phosphorus oxychloride. phosphorylation was allowed to proceed for 3.5 h Assuminq a^ 

EXAMPLE 9 

PREPARATION OF S-P-TRIFLUOROACETAMIDO-I-PROPYNYD^-DEOXYURIDINE (57) 

( ^T^ nd ^ iSOTe ^ pleof ^ is-CH,-.RT isCOCF, Hetis 

uracil (h), R ,R 5 .R 7 andR 8 are H. and R 6 Is OH) 12 ."2 isouw- 3 ,netls 

^ 0d0 "^ deOXyUridine (70B * 20 0 mmo1 ' A,drfch ) was copied for 4 h to N-trifluoroaoetylpropargyiamlne 
fojowhg he general procedure given in Example 1C except that the reaction was JSttSHS 
concentrated than usual. Chromatography of the crude product on silica gel (500 g) with 10-20% memanolin 
dichloromethane afforded. 3.50 g (46%) of alkynylamino nucleoside 57 as a ten sol d IAcco^toNMR«S 
TLC. this material was >95% pure except for the presence of methanol 3^^53?t2t^2 S 
removed by vacuum-drying. ' maT "™ not 

iJ^^SHIf^ 6 ): 1163 (S * 1Hl H8) ' 1006 Verted t. 1H. NHTFA), 8.19 (s. 1H. H6). 6.10 (apparent t 



j 

EXAMPLE 10 



PREPARATION OF S-fS-TRIFLUOROACETAMIDO-l-PENTYNYLJ^.S'-DIDEOXYURIDINE (58) 
(Compound 58 is an example of structure 5 wherein Het is uracil (h) and R, is -(CH7) 3 -.) 

A. PREPARATION OF 5-TRIFLUOROACETAMIDO-1-PENTYNE (59) 

Sodium hydride (60% dispersion in oil, Alfa) was rendered oil-free by thoroughly and rapidly washing with 
pentane and then vacuum-diying. Oil-free sodium hydride (4.40 g. 0.110 mole. 11 eq) was^KaSS 

q)> SOd ' Um ,0dide (14 " 9> °- 100 mote - 10 «* ln d >y dimethylformamide (250 mL 
Aldrich). The reaction mixture was stirred at 25° for 4.5 h and at 60° for 21 h. After coolZ therein SxSre 
was added to a solution of potassium dihydrogen phosphate (43.5 g. 0550 mole. 2 a ecrtln wSe^mL) Th£ 

wir 5 SErTxIS STS2 x 500 mL) md ethe l 3 *™ mL) - ^SSS'S 

Son^iJ^nJ ^ - ^ U * drtedOWr "^S" 631 "" 1 sulfate, and concentrated with a rotary evaporator. 
Frachonal distillation tw.ce through a 20 cm Vlgreux column afforded 8.09 g (45%) of 5-trffluoroacetemld(> 
1-pentyne (58) as a colorless, mobile liquid (bp 68-69° at 13 torr ) uoroacetamioo- 
1 H-NMR(CDCI 3 ):6.77(broads,1H.NHTFA),3.53(q.J = 6.7and27 2H -CH, NHTFA) 23lttri i rt 
and 2.7. 2H. HCCCH 2 -). 2.04 (t. J = 2.7. 1H. HCCCH 2 -,. ^ ^etll ^^c^l 
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B. PREPARATION OF S-fS-TRlFLUOROACETAMIDO-I^NTYNYLJ-^S'-DiDEOXYURIDINE (58). 

5-Trifluroacetamido-1-pentyne (69) was coupled for 4 h to S-lodo^.S'-dideoxyuridine (47, prepared as 
described in Example 2A) according to the general procedure described in Example 1C. Chromatography on 
5 silica gel (100 g) with a 0-5% methanol in dichloromethane gradient afforded 647.7 mg of alkynylamino 
nucleoside 58 as a light tan foam. This material was homogeneous byTLC and NMR except for the presence of 
about 16 mole% of dimethylformamide. Correcting for the presence of dimethylformamide, the yield of desired 
product was 80%. 

1 H-NMR (DMSO-d 6 ): 11.52 (s, 1H, H3), 9.47 (distorted t, 1H, NHTFA), 5.90 (q. 1H, H1'), 5.12 (t, 1H, 5'OH), 
10 4.04 (m, 1H, H4'), 3.71 and 3.52 (m, 2H, 5'H), 3.30 (m, 2H, -CH 2 CH 2 CH 2 NHTFA), 2.40 (t, 2H, 
-CH 2 CH 2 CH 2 NHTFA), 2.23, 2.01 and 1.85 (m, 4H. H2' and H30, and 1.73 (quintet, 2H, 
-CH2CH2CH2N HTFA) . 

EXAMPLE 11 

15 

PREPARATION OF S-f^-TRIFLUOROACETAMIDO-l-DODECYNYLJ^.S'-DlDEOXYURIDINE (60) 
(Compound 60 is an example of structure 5 wherein Het is uracil (h) and R t is -(CH 2 ) 10 -.) 

A. PREPARATION OF 11-DODECYN-1-OL (61). 

20 1-Bromo-10-tetrahydropyranyloxydecane (64.26 g, 0.200 mole, Lancaster, '97+%") was added dropwise 
over 140 min to a preceded suspension of lithium acetylide ethylenediamine complex (23.94 g, 0.260 mole, 1.3 
eq, Aldrich, 90%) in dry dimethylsulfoxide (100 mL) so that the internal temperature remained at 5-10°. After 
the addition was complete, the cooling bath was removed and the reaction mixture was stirred for 4.5 h. Water 
(20 mL) was added dropwise to the reaction mixture. After stirring for 10 min, the reaction mixture was poured 

25 into water (300 mL). This solution was extracted sequentially with pentane (2 x 300 mL) and ether (2 x 300 mL). 
Each organic layer was washed individually with water (about 20 mL) and the aqueous washes were combined 
with the main aqueous layer for re-extraction. The combined organic layers were dried over magnesium sulfate 
and evaporated to dryness to afford 51.38 g (96%) of crude 1 2-(tetrahydropyranyloxy)-1-dodecyne as an oil. 
A strongly acidic ion exchange resin (AG-50W-X8. 50 g, 5.1 meq/g, Bio-Rad) was added to a solution of the 

30 above crude product (49.96 g) in a mixture of chloroform (260 mL) and methanol (260 mL). The suspension 
was heated at reflux for 4.5 h and then cooled. The reaction mixture was filtered and the filtrate was 
concentrated. Chromatography of the residue on silica gel (500 g) with 10%, 20% and 30% ethyl acetate in 
hexanes afforded 31 g of an oil which was > 95% one spot by TLC with detection by phosphomolybdic acid. 
Distillation of this material through a 20 cm Vigreux column afforded, after a 0.78 g forerun, 17.91 g of 

35 11-dodecyn-1-ol (61) as a thick, colorless oil (bp 104-108 at 1.4 torr) which solidified to a white solid on 
standing. This material was 98% one peak by GC. 

1 H-NMR (CDC! 3 ) of the chromatographed product before distillation: 3.64 (t, 2H, -CH 2 OH), 3.37 and 3.33 
(m, about 0J2H, impurity), 2.17 (td.2H,HCCCH 2 -), 1.92 (t,1H,HCCCH 2 -), and 1.2-1 .6 (m, 17H, (CH 2 ) 8 and 
OH). IR (thin film of melt): 3392 (O-H), 3311, 2930 and 2854 (OH), 2160 (acetylene), 1466, 1432, 1394, 1371, 

40 1352, 1328, 1303, 1103, and 1001. 

B. PREPARATION OF 12-IODO-1-DODECYNE (62). 

Iodine (43.16 g, 170 mmol, 2.0 eq) was added to a suspension of distilled alcohol 61 (15.50 g, 85 mmol), 
imidazole (17.36 g, 255 mmol, 3.0 eq), and triphenylphosphine (66.90 g, 255 mmol, 3.0 eq) in dry toluene (425 

45 mL, stored over molecular sieves). The reaction mixture was heated at reflux with vigorous stirring for 25 min, 
generating a yellow solution with a oily black precipitate. After coiling to 25°, saturated aqueous sodium 
bicarbonate (200 mL) and iodine (23.73 g. 93.5 mmol, 1.1 eq) were added and the reaction was stirred 
vigorously for 1 h. Saturated aqueous sodium sulfite (40 mL) was added, quenching the purple color. The 
reaction mixture was allowed to separate into two layers and the organic layer was washed with brine. The 

50 organic layer was dried over magnesium sulfate and concentrated. The residue was dissolved in 
dichloromethane (50 mL) and ether (200 mL) was added. After standing for 30 min, the resulting precipitate 
(triphenylphosphine oxide) was removed by filtration and washed with ether (100 mL). On further standing, the 
combined mother liquor and ether wash deposited a second crop of crystals which were removed as before. 
The combined mother HSudrs and ether washes were concentrated and dissolved in warm toluene (200 mL). 

55 This solution was placed on a silica gel column (500 g) and eluted with toluene (3 L) to afford 13.55 g (55%) of 
iodide 62 as a pale yellow mobile liquid. This material was 96% one peak by GC. 

1 H-NMR (CDCI3 ): 320 (t, 2H, -CH 2 I), 2.17 (td. 2H, HCCCH 2 -), 1.94 (t, 1H, HCCCH 2 1.82, 1.51 and 
1.20-1.42 (m 5 16H, (CH )q ). 

60 C. PREPARATION OF 12-TRIFLUOROACETAMIDO-1-DODECYNE (63). 

Sodium hydride (60% dispersion in oil, Alfa) was rendered oil-free by rapidly and thoroughly washing with 
pentane and vacuum-drying. Trifluoroacetamide (22.61 g, 200 mmol, 5 eq) was added in about 10 portions over 
50 min to a suspension of oil-free sodium hydride (3.84 g, 160 mmol, 4 eq) in dry dimethylformamide (90 mL, 
Aldrich). When it was discovered early in this addition that the reaction mixture was getting warm, an ice-water 

65 bath was added and the rest of the addition was performed at an internal temperature of about 10°. The 
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ice-water bath was removed and the reaction mixture was stirred until hydrogen evolution ceased. After 
stirring and addition 15 min, a solution of iodide §3 (1 1 .69 g, 40.0 mmol) in dry dimethyfformamide (10 mL) was 
added dropwise over 10 mm to the reaction mixture. After stirring for 4 h at 25°, the reaction mixture was 
rapidly poured into a stirred mixture of saturated aqueous ammonium chloride (200 mL), water (200 mL) and 
pentane (200 mL). The reaction vessel was rinsed with a mixture of water (50 mL), saturated aqueous s 
ammonium chloride (50 mL) and pentane (200 mL). The combined solutions were allowed to separate Into two 
layers and the aqueous layer was extracted with pentane (2 x 200 mL). The combined organic layers were dried 
over magnesium sulfate and evaporated to dryness to yield 10.42 g (94<Vo) of trifluoroacetamide 63 as an oil 
which solidified to a waxy solid on standing. RecrystaJlization of this material from boiling hexanei~(100 mL) 
with slow cooling to -20° afforded 8.145 g (73Vo) of trifluoroacetamide 63 as pale yellow needles (mp 46-47*) 10 

1 H-NMR (CDCI 3 ): 627 (broad s, 1H, NHTFA), 3.34 (apparent q, 2H, -CH 2 NHTFA), 2.18 (td, 2H, 
HCCCH 2 -),1.94ft,1H,HCCCH 2 -). 1.20-1.65 (m, 16H, (CH 2 ) 8 ). IR (thin film of melt): 3312. 3298, 2932 and 
2857 (C-H and N-H), 2117 (acetylene), 1706 (C=0), 1675 , 1563, 1460, 1448, 1208, 1182, 1166, 722, and 634. 

D. PREPARATION OF S-f^-TRIFLUOROACETAMJDO-l-DODECYNYLJ^^'-DIDEOXYURIDINE (60). 15 

Protected alkynylamine 63 was coupled for 24 h to 5-iodo-2',3 / -dideoxyuridine (47, 676.2 mg. £00 mmol, 
prepared as described in Example 2A) following the general procedure described in Example 1C 
Chromatography on silica gel (100 g) eluting with a O-50& methanol in dichloromethane gradient afforded a 
dark red foam. The red impurity was removed by chromatography on a reverse phase column (100 g, 
octadecylsiiane on 40 micrometer silica gel, Baker) with 40<Vb water in methanol. The appropriate fractions 20 
were combined, concentrated, and co-evaporated twice with absolute ethanol to afford 731 mg of 
alkynylamino nucleoside Wasa clear oil. This material was homogeneous by TLC and NMR except for the 
presence of residual ethanol (25 moleQfo, corrected yield 73%). 

1 H-NMR (DMSO-d ): 11.49 (broad s, 1H, H3), 9.38 (distorted t, 1H, NHTFA), 8.15 (s, 1H, H6), 5.90 (dd 1H 
H1'), 5.12 (distorted t, 1H, 5'OH), 4.35 (t, 0.25H, CH 2 CH 2 OH), 4.03 (m, 1H, H4'), 3.72 and 3.52 (m 2H H5')' & 
3.43 (m, 0.5H, CH 2 CH 2 OH), 3.16 (quintet, 2H, -CH 2 NHTFA), 2.34 (t, 2H, propargylic H), 2.16, £01, and 1 86 
(m, 4H, H2' and H3'), 1.65-1.15 (m, 16H. (CH 2 )7, and 1.06 (t, 0.75H, CH 3 CH 2 OH). 

EXAMPLE 12 

PREPARATION OF 5-(5-AMINO-1-PENTYNYL)-2' f 3'-DIDEOXYURIDINE (64) ^ 

(Compound 64 is an example of an alkynylamino nucleotide (I) wherein Het is uracil (h), Rt is (CH 0 )a and 
R 2 . R 3 , R 5 . Re . R7 and R 8 are H.) 

A. PREPARATION OF 5-AM 1NO-1 -PENTYNE (65). & 
Ammonia (340 g, 20 mole) was distilled into a bomb which contained 5-chloropentyne (20.51 g, 0.200 mole) 

and sodium iodode (7.49 g, 0.050 mole, 0.25 eq). The bomb was sealed and heated in an autociave at 100° for 
12 h. The ammonia was allowed to evaporate and the residue was stirred with a two phase mixture consisting 
of sodium hydroxide (40 g, 1.0 mole, 5 eq), water (100 mL), and ether (100 mL). The resulting mixture was 
filtered and ailowed to separate into two layers. The organic layer was dried over magnesium sulfate and 40 
distilled through a 20 cm Vigreux column. Four fractions (12.46 g, bp 95-1 27° , atmospheric pressure) were 
found by GC to contain significant amounts of product. These fractions were combined and carefully distilled 
through a spinning band column to afford 6.55 g (39%) of 5-amino-1-pentyne (65) as a colorless, mobile liquid 
(bp 125.5-126°). This material was >99<Vb one peak by GC. ~ 

1H-NMR (CDCI3 ): Z81 (t, J - 7.5, 2H, -CH 2 NH 2 ), 2.27 (td, J - 7.5 and ^5, 2H, HCCCH 2 -), 1.96 (t, 45 
J - 2.5, 1H, HCCCH 2 -), 1.66 (quintet, J = 7.5. 2H, -CH2CH2CH2-), and 1.07 (broad s, 2H,~NH 2 ). 

B. A GENERAL PROCEDURE OF COUPLING UNPROTECTED ALKYNYLAMINES TO IODONUCLEOSIDES 
PREPARATION OF S-fS-AMINO-l-PENTYNEJ-^.S'-DIDEOXYURIDINE (64). 

A dry, 35-mL, round-bottomed flask was charged with 5no<jo^3'-dldeoxyuridine (47, 676.2 mg, £00 mmol, 50 
prepared as described in Example 2A) and then flushed with argon. Dry dimethytformamide (10 mL, Aldrich)! 
dry triethylamine (0.56 mL, 4.0 mmol, 2.0 eq, stored over sieves), 5-amino-1-pentyne (0.59 mL, 6.03 mmol, 3.6 
eq), and tetrakis(triphenylphosphlne)-paJladium(0) (231 mg, 0.200 mmol, 0.1 eq, weighed into a vial in a dry 
box) were added. The resulting suspension was stirred for 45 min, but the palladium catalyst remained at least 
partly undissolved. Cuprous iodide (190.4 mg, 1 .00 mmol, 0.5 eq, Aldrich Gold Label) was added. After stirring 55 
for 15 min, a homogenous blue solution had formed and after about 150 min the solution became cloudy. After 
200 min, TLC showed that all of starting iodide 47 had been consumed. After 4 h, the reaction mixture was 
concentrated with a rotary evaporator for about 10 min at 45° and 2 torr. The residue was immediately 
absorbed onto a silica gel column (100 g) and eluted with a mixture of dichloromethane, methanol and 
concentrated ammonium hydroxide (400 mL each of 90:9:1, 85:13:2, 75:20:5, 65:30:5 and 50:45:5). The 60 
fractions containing the major polar product according to TLC were combined, co-evaporated twice with 
ethanol, and vacuum-dried overnight to afford 395.9 g (67<Vo) of alkynylamino nucleoside 64 as a yellow solid. 
This material was homogeneous by TLC and NMR except for the presence of ethanol (33 moJe<Vb) which was 
not removed by vacuum-drying. The yield of 64, corrected for the presence of ethanol was 64<to 

1 H-NMR (DMSO-d 6 ): 8.33 (s, 1H, H6), 5.90 (dd, J - 6.6 and 3.0, 1H, H1'), 4.05 (m, 1H, H4'), 3.73 (dd, 65 
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J - 12.1 and 2.8, 1H, H5'a). 3.53 (dd. J ~ 12.1 and 3.1, 1H, H5'b), 2.80 (broad s, 2H, -CH 2 H 2 ), 2.45 (t, 
J = 7.0, 2H, propargylic H), 2.28, 2.02 and 1.86 (m, 4H, H2' and H3 1 ), and 1.70 (quinteO - 7.0 Hz, 2H, 
-CH 2 CH 2 CH 2 -).This NMR data was obtained form a different batch of 64 prepared in a manner similar to 
that described above. The signals for the exchangeable hydrogens (H3, 5'OH, and -NH 2 ) in NMR samples of 
5 both materials were combined into a single broad (>2 ppm wide) signal which was barely resolved from the 
baseline. 

EXAMPLE 13 

10 PREPARATION OF 5-(3-AMINO-1-PROPYNYL)-2',3'-DIDEOXYURIDINE (66) 

(Compound 66 is an example of an alkynylamino nucleotide (I) wherein Het is uracil (h), R, is CH 2 , and 
R2 , R3 . R5 . «6 > R7 and Rs are H.) 

5-lodo-2',3 f -dideoxyuridine (47, 2.00 mmol) was coupled for 3 h to propargylamine (6.00 mmol, Aldrich) 
according to the procedure described in Example 12B except that propargylamine was used in place of 
15 5-amino-1-pentyne. Chromatography as described above returned 794.5 mg of impure alkynylamino 
nucleoside 66 as ayellow solid which afforded a single spot when analyzed by TLC. NMR and the mass balance 
of the reaction indicated that this material was contaminated by ethanol and possibly inorganic impurities 
1 H-NMR (DMSO-d 6 ): 11.70 (broad s, 1H, H3), 8.40 (s, 1H, H6) f 8.25 (broad s, 2H, NH 2 ), 5.89 (dd, J « 6.6 
and 3.0, 1H, H1'), 5.13 (t, J = 5.0, 1H, 5'OH), 4.07 (m, 1H, H4'), 3.96 (s, 2H, -CH 2 NH 2 ), 3.71 and 3.56 (m. 2H, 
20 H5'), 2.30, 2.04 and 1 .85 (m, 4H, H2 7 and H3') and signals for ethanol and an unknown impurity. The above NMR 
data was taken from different preparation of 66 performed as above except that 0.2 eq of cuprous iodide was 
used and the reaction did not go to completion. 

EXAMPLE 14 

PREPARATION OF 1-(2-HYDROXYETHOXYTv1ETHYL)^(3-AM^ 
TRIPHOSPHATE (67) 

(Compound 67 is an example of an alkynylamino nucleotide (I) wherein R t is -CH 2 R 2 and R 3 are H 
Het is cytosine (i), R A is (g), and R 5 is P 3 O s H 3 -.) 

30 

A. PREPARATION OF 1-(2-HYDROXYETHOXYMETHYL)-5-IODOCYTOSINE (68). 

A mixture of 1-(2-hydroxyethoxymethyl)cytosine (1.85 g, 10.0 mmol) and mercuric acetate (3.35 g, 10.5 
mmol) was refluxed in methanol (50 mL) and dichloromethane (100 mL). Iodine (3.05 g, 12.0 mmol) was added 
and the reaction mixture was stirred for 1 h. The free base form of AG3-X4 resin (38 meq) was added and the 
35 solution bubbled with hydrogen sulfide for 15 min. The solids were removed by filtration and the filtrate 
stripped down onto silica gel (10 g). The silica was loaded onto a silica gel column (4 x 25 cm) and eluted 5%, 
1 00/0 and 20°/) methanol in dichloromethane. Evaporation followed by vacuum-drying afforded a colorless solid 
(1.73 g, 560/o). 

Recrystallization from 95% ethanol afforded analytically pure material (mp 172°). Calculated for 
40 C 7 H 10 N 3 0 3 I: C 27.03%, H 3.24%, N 13.51%. Found: C 27.08%, H3.4Wo, N13.51%. UV (methanol)* 
maximumat292.5(5,300).iH-NMR(DMSO-d 6 ):3.481 (m, 4H), 4.659 (t. J - 5, 1H), 5.070 (s,2H, 6.665 (broad 
s, 1H), 7.869 (broad s, 1H), and 8.107 (s, 1H). 

B. PREPARATION OF 

45 V(2-HYDROXYETHOXYMETHYL)^(aTRIFLUOROACETAMIDO-1-PR (69). 

Iodide 68 (31 1 mg, 1 .00 mmol) was coupled to N-propai^ttrifluorc^cetamide (43) according to the general 
procedure described In Example 1C. Flash chromatography on silica gel (3 x 20 cm) with 5%, 10% and 20% 
methanol in dichlormethane afforded alkynylamino nucleotide 69 as a pale yellow foam (77 4 mg 23%) 
1 H-NMR(DMSO-d B ): 3.472 (broads. 4.276 (d, J = 5.0, 2H), 4.653 (broad t. J = 4.5, 1H), 5.091 (s,2H), 6.925 
50 (broad s. 1H), 8.037 (s, 1H), and 9.964 (broad s, 1H). 

C. PREPARATION OF H2-HYDROXYETHOXYMEn^)-5-^ (67). 

The hydroxyl group of the sugar part of alkynylamino nucleoside 69 (0.167 mmol) was converted to a 
triphosphate and the trifluoroacetyl group was removed following the general procedure given in Example 1E. 
55 After addition of the second aliquot of phosphorus oxychioride, phosphorylation was allowed to proceed for 
for 75 min. Assuming an absorption coefficient for the product equal to that of the starting material (7,790), the 
yield of triphosphate 67, based on its UV absorption at 291 nm, was 210/b. 

EXAMPLE 15 

60 Preparation of N-Hydroxysuccinimide Ester 2a (A preferred reagent for attaching a 505 nm fluorescent dye 
to an alkynylamlno-nucleotide wherein R 9 and R 10 are H). 

A. Preparation of 9-(Carboxyethylidene)-3,6-dihydroxy-9H-xanthene (SF^505) 
Resorcinol (33.0 g, 0.300 mol) and succinic anhydride (30.0 g, 0.300 mol) were placed in a round bottomed 
65 flask and purged with nitrogen. Methane-sulfonic acid (150 mL) was added and the solution was stirred at 
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65°C for 2 hours under an atmosphere of nitrogen. The reaction mixture was added dropwise to rapidly stirred 
ice-cooled water (1 L) with simultaneous addition of 500/o aqueous sodium hydroxide to maintain pH 2.5 + /0 JS 
The product which appeared as a granular precipitate was collected by filtration and rinsed with water (3 x 100 
mL) then acetone (3 x 100 mL). The product was air-dried then vacuum-dried (vacuum oven) at 110°C for 18 
hours to afford a dark red powder (37.7 g, 88°/b). 5 

An analytical sample was prepared by dissolving 1 .0 g of product in 25 mL of hot 0.3 N HCI. The precipitate 
which formed on cooling was removed by filtration and discarded. Dilute aqueous sodium hydroxide was 
added to raise the pH to 1.25. The resulting precipitate was collected by filtration, rinsed with water/air-dried 
then vacuum dried over P 2 0 5 at 140°C for 36 hours. Anal: Caic. [C(16)H(12)0(5)] C 67.60 H426 FoundC 
67.37, H 4.34, 0.520/o water (K-F). NMR DMSO-d 6 ): (mostly spirolactone form) 6 2.690 (t J«86 hz 2H)- 10 
3.070 (t, J = 8.6 hz, 2H), 6.530 (d, J-1.8 hz, 2H); 6.676 (dd, J-8.7, 1.8 hz, 2H), 7.432 (d, J-8.7. 18 hz' 2H) 
7.432 (d, J-8.7 hz, 2H), and 9.964 (s, 2H). Vis. abs. (pH 8.2; 50 mM aq Tris/HCI): max 486 nm (72,600)! 

B. Preparation of 9-(2-Carboxyethyl)^,6»diacetoxy-9-emoxy-9H-xanthene (Ac2EtSF-505) 

SF-505 (29.3 g, 103 mmol) was added to Ice-cold acetic anhydride (500 mL) followed by pyridine (100 mL) 15 
The mixture was stirred in ice for 20 minutes then added over 20 minutes to rapidly stirred, Ice-cold water (7 L) 
After stirring for an additional 30 minutes, the intermediate product was filtered and resuspended in water (4 L) 
and stirred for another 30 minutes. The solid was collected by filtration, dissolved in absolute ethanol (1 L) and 
refluxed for 45 minutes. The solution was concentrated on a rotary evaporator to 200 mL which resulted in 
crystallization. The product was collected by filtration, air-dried, then vacuum-dried to afford pale-oranae 20 
microcrystals (21.9 g, 51%). H a 

Recrystallization from methylene chloride/cyclohexane gave colorless microcrystals M p - 142-143°C 
Anal: Calc. [C(22)H(22)0(8)] C 6.63.76, H 5.35. Found: C 63.58, H 5.39. NMR (DMSO-d 8 ): «M 035 (t J-6 9 

hz,3H) ^J.667(m,2H),2.232(m.2H),2.294(s,6H),2.888(q,J=6.9hz,2H),7.0-7.1 (m,4H), and 7.575 (d, J_9J 

hz, 2H). ^ 

C. Preparation of 9-(2-(N-Succinimldyioxy^^ 
(Ac2EtSF-505-NHS) 

Ac2EtSF^505 (10.4 g, 25.1 mmol) was mixed with methylene chloride (300 mL) and 1-(3K«methylaminopro- 
pyl)-3-ethylcarbodiimide hydrochloride (9.70 g, 50.6 mmol) and N-hydroxysucclnimide (4.32 g, 375 mmol) 
were added. The mixture was stirred for one hour and then washed with water (5 x 50 mL). The combined 
aqueous layers were back extracted with methylene chloride (50 mL) and the pooled organic layers were dried 
over sodium sulfate and stripped down. Trituration with ethanol (75 mL) followed by filtration and air-drying 
afforded the crude product as a iight yellow solid (c. 10 g). This material was dissolved in methylene chloride 
(50 mL) and cyclohexane (50 mL) was added. One teaspoon of charcoal was added, the mixture was filtered 35 
and the product was brought down with an additional portion of cyclohexane (100 mL). Collection by flttration 
air-drying, and vacuum-drying afforded colorless crystals (6.94 g, 54<>yb). 

A second crystallization from ethanol afforded an analytical sample. M.p.: 162-3°C Anal* Gale 
[C(26)H(25)N(1)O(10)] C 61.05, H, 4.93, N 2.74. Found: C 60.78, H 5.01, N 2.65. NMR (DMSO-d 6 )• 6 1 056 (X 
J -7.0 hz, 3H). 2.4-2.1 (m, 4H), 2.293 (s, 6H), 2.757 (S, 4H), 2.922 (1, J-7.0 hz, 2H), 7.069 (m, 4H), and 7*17 (p 40 
u, J =9.1 hz, 2H). 

D. Preparation of 
9-(2-(N-memyl-N~(ber^oxycato^ 
(Ac2EtSF-505-Sar-OBn) 

To a solution of sarcosine benzyl ester* (1.13 g, 6.31 mmol) in methylene chloride (50 mL) was added 
Ac2EtSF-505-NHS (2.58 g, 5.05 mmol) and 5% aq sodium bicarbonate solution (30 mL). The two-phase 
mixture was stirred rapidly for 20 hours. The layers were separated and the organic layer washed with 3 x 15 mL 
water, dried over sodium sulfate, and concentrated to 25 mL The solution was diluted to 150 mL with 
cyclohexane, charcoal-treated, and reduced to 75 mL under a stream of nitrogen resulting in the precipitation so 
of the product. The supernatant was decanted away and the residue coevapdrated with methylene chloride to 
afford a colorless foam (1.70 g, 58%). • 

Extensive vacuum-drying afforded an analytical sample. Anal: Calc [C(32)H(33)N(1)0{9)1 C 66 77 H 5 78. N 

2.43. Found: C 66.66, H 5.89, N 2.25. NMR (DMSO-d 8 ): (Shows 5:2 mixture of amide bond r'otaners) 

, (m uTo^o mln ° r) 1040and 1018 & J~6.7hz.3H), 1.789and 1.670 (m,2H),2.211 (m, 2H), 2.290 and 2.276 55 

l S d H) ; 2 ™ ^ 2695 (S ' 3H) ' 2893 (q ' J=a7 ta - 2H >' 3 963 < s ' 2H >. 5 075 and 5.039 (s, 2H), 7.044 (m, 4H) 
7.324 (m,5H), and 7.573 and 7.516 (p d, J =9.2 hz, 2H). 

* Sarcosine benzyl ester p-tosyiate sait (Adams Chemical Co.) was taken up in methylene chloride and 
washed repeatedly with 50/0 aqueous sodium bicarbonate, then water washed, dried over sodium sulfate and 
stripped down. 

E. Preparation of 

^(2-(N-Methyl-N-(N'-succinimi^ 
thene (Ac2EtSF-505-Sar-NHS, Structure 2a) 
To a solution of Ac2EtSF-505-Sar-OBn (1.55 g, 2.69 mmol) in absolute ethanol (60 mL) was added 10<Vb 
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palladium on carbon (0.15 g). The mixture was stirred under balloon pressure of hydrogen for 30 minutes. The 

catalyst was removed by filtration and the ethanol stripped off to afford a syrupy residue. 
This residue was dissolved in methylene chloride (85 mL) and N-hydroxysuccinimide (0.495 g, 4.30 mmol) 

and 1-(3-dimethylaminopropyl)-3-ethyl- carbodiimide hydrochloride (1.12 g, 5.84 mmol) were added (4 x 25 
5 mL). The solution was concentrated to 25 mL, diluted to 175 mL with cyclohexane, charcoal treated, and 

reduced in volume to 75 mL under a stream of nitrogen. The solid product was collected by filtration, air-dried, 

and vacuum-dried to afford a colorless powder (0.97 g, 62%). 
Coevaporation with methylene chloride followed by extensive vacuum-drying at 40°C removed traces of 

cyclohexane and afforded an analytical sample as an amorphous solid. Anal: Calc. [C(29)H(30)N(2)O(11)] C 
10 59.79, H 5.19, N 4.81. Found: C 59.37, H 4.62, N 4.62, 0.93% water (K-F). NMR (DMSO-d 6 ): (Shows a 4:1 

mixture of amide bond rotamers.) 5 (major and minor) 1.034 (t, J=6.9 hz, 3H), 1.827 and 1.935 (m, 2H), 2.223 

(m, 2H), 2589 (s, 6H), 2.758 (s, 4H), 2.779 and 2824 (s, 3H), 2.888 <q, J =6.8 hz, 2H), 4.333 and 4.473 (s, 2H), 

7.043 (m, 4H), and 7.587 (per d, J -9.1 hz, 2H). 

15 EXAMPLE 16 

Preparation of N-Hydroxysuccinimide Ester 2b (A preferred reagent for attaching a 512 nm fluorescent dye 
to an alkynylamino-nucleotide wherein R 9 is H and Rio is CH 3 ) 

A. Preparation of 4-Methylresorcinol 

20 2,4-Dihydroxybenzaldehyde (33.97 gm, 0.246 mol) (recrystallized from toluene) was dissolved in 
spectroscopic grade 2-propanol (3 L) in a round bottom flask fitted with a gas inlet and a bubbler outlet 10% 
Palladium on carbon (1.35 gm) was added followed by phosphoric acid (3 mL) and the mixture was sparged 
with nitrogen. The nitrogen flow was switched to hydrogen and the mixture was rapidly stirred with ice cooling. 
After 3 hours hydrogen uptake was complete and the catalyst was removed by filtration. The filtrate was 

25 stripped down to 200 mL and 200 mL of ethyl acetate was added. The solution was washed with 4 x 200 mL of 
water and the combined water extracts back-extracted with ethyl acetate. These organic extracts were water 
washed and the combined organic layers dried over sodium sulfate and stripped down to afford the product as 
a colorless crystalline solid (29.95 gm, 98%). M.p.: 106°C (Lit. 106-107°C [J. C. Bell, W. Bridge, and A. 
Robertson, J.Chem.Soc. , 1542-45 (1937)]). NMR (DMSO-d 6 ) : 6 1.961 (s, Me), 6.076 (dd, H-6, J[5,6] - 8 hz, 

30 J[2,6] = 2 hz), 6.231 (d, H-2), 6.760 (d, H-5) 8.867 (s, OH), and 9.008 (s. OH). 

B. Preparation of 9-Carboxyethylidene-3,6-d^ (SF-512) 
4-Methylresorcinol (25.8 g, 0508 mol) and succinic anhydride (20.8 g, 0508 g) were placed in a round 

bottom flask and the flask was purged with nitrogen. Methanesulfonic acid (150 mL) was added and the 
35 solution heated under nitrogen to 65°C for 2 hours. The solution was added dropwise to 1 L of rapidly stirred, 
ice-cooled water with the simultaneous addition of 50% aq sodium hydroxide to maintain the pH at 225 +/- 
055. The product was collected by centrifugation and washed with water (3x) and acetone (2x). The solid was 
air-dried, then vacuum-dried at 110°C to afford a brick-red powder (24.1 g, 74%). 
Purification was effected by allowing ethyl acetate to slowly diffuse into a solution of the product in dimethyl 
40 sulfoxide. The precipitate was collected by filtration, air-dried, then vacuum dried. NMR (DMSO-d 8 ): (Shows 
pure delta form along with one mole each of water and dimethyl sulfoxide.) 6 2124 (s, 6H) , 3.421 (d, J =75 hz, 
2H), 5.769 (t, J-7.2 hz, 1H); 6.512 (s, 1H), 6.573 (s, 1H); 7.295 (s, 2H). 9.681 (s. 1H), 9.825 (s, 1H). and 12346 
(bs, 1H). Vis. abs. (pH 85 aq Tris): max 493.5 nm. 

45 C. Preparation of 9-Carboxyemyl-3,&-diac«toxy^ (Ac2EtSF-512) 

A sample of SF-512 (20.0 g, 64.0 mmol) was added to acetic anhydride (350 mL) followed by pyridine (80 
mL). This was stirred for 1 hour and then filtered to remove traces of unreacted dye. The filtrate was poured 
into 3.5 L of rapidly stirred water. The solid intermediate was collected by filtration, resuspended in 2 L cold 
water, stirred for 15 minutes, then recollected and air-dried to afford the spirotactone intermediate (20.8 g). 

50 This was dissolved in absolute ethanol (600 mL) and refluxed for 45 minutes. The solution was charcoal-treated 
and concentrated to 300 mL The product was collected by filtration, rinsed with cold ethanol (2 x 50 mL). 
air-dried, and then vacuum-dried to afford colorless microcrystals (14.9 g, 53%). M.p.: 143°C. Anal: Calc. 
[C(24)H(26)0(8J] C 65.15, H 5.92. Found: C 65.31, H 5.97. NMR (DMSO-d Q ): d 1.027 (t, J=6.9 hz, 3H), 1.628 
(m, 2H). 2136 (s, 6H), 2507 (m, 2H). 2303 (s, 6H), 2.884 (q. 6.9 hz, 2H), 6.939 (s, 2H). and 7.417 (s, 2H). 

55 

D. Preparation of 9-{2-(N-Sucdnimidyloxyrart3on^ 
(Ac2EtSF-512-NHS) 

To a solution of Ac2EtSF-512 (9.42 g, 21.3 mmol) in methylene chloride (175 mL) was added 
N-hydroxysuccinimide (3.62 g, 31.5 mmol) followed immediately by 1-(3-dimethylaminopropyl)-3-ethylcarbo- 

60 diimide hydrochloride (8.05 g, 42.0 mmol). The solution was stirred at room temperature for 2 hours. The 
mixture was washed with water (4 x 100 mL) and the aqueous washings back-extracted with methylene 
chloride (2 x 50 mL). The combined organic layers were dried over sodium sulfate and stripped down to an oil. 
Absolute ethanol was added and crystallization was induced by scratching. The product was collected by 
filtration, air-dried, then vacuum-dried to afford pale-orange microcrystals (9.80 g, 85%). 

65 An analytical sample was prepared by dissolving 1 g in methylene chloride (10 mL) and adding cyclohexane 
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(40 mL). Charcoal treatment followed by cooling and scratching induced crystallization affording a colorless 
crystalline solid. M.p.: 159°C. Anal: Calc. [C(28)H(29)N(1)O(10)] C 62.33, H 5.42, N 2.60. Found: C 62.06, H 
5.71, N 2.39. NMR (DMSO-d 6 ): 6 1.053 (t, J =6.9 hz, 3H), 2.149 (s, 6H), 2.304 (s. 6H), 2.1-2.4 (m, 4H), 2.747 (s, 
4H), 2.920 (q, J-6.9 hz, 2H), 6.975 (s, 2H), and 7.464 (s, 2H). 

5 

E. Preparation of 
9-(2-(N-methyl-N-(berc^Ioxy<^ 
9H-xanthene (Ac2EtSF-512-Sar-OBn) 

To a solution of sarcosine benzyl ester (0.72 g, 4.02 mmol) in methylene chloride (25 mL) was added 
Ac2EtSF-512-NHS (1.73 g, 3.21 mmol) and so/6 aq sodium bicarbonate solution (20 mL). The two-phase 10 
mixture was stirred rapidly for 20 hours. The layers were separated and the organic layer washed with 3 x 15 mL 
water, dried over sodium sulfate, and concentrated to 10 mL. The solution was diluted to 60 mL with 
cyciohexane, charcoal-treated, and reduced to 25 mL under a stream of nitrogen resulting In the precipitation 
of the product. The supernatant was decanted and the colorless solid vacuum-dried (1.44 g, 74<Vb). 

Recrystalliation from methylene chloride/cyclohexane with charcoal treatment afforded an analytical 15 
sample. M.p.: 150-2°C, Anal: Calc. fC(34)H(37)N(1)0(9)] C 67.65 H 6.18 N £32. Found: C 67.42 H 6.08 N 2.33. 
NMR (DMSO-d 6 ): (Shows 5:2 mixture of amide bond rotamers.) 8 (major and minor) 1.049 and 1.008 (t 
J=6.8 hz, 3H), 1.747 and 1.66 (m, 2H), 2.144 and 2.115 (s, 6H), 2.18 (m. 2H), 2.314 and 2.303 (s, 6H), 2.694 (s, 
3H), 2.907 and 2.884 (q, J =6.8 hz, 2H), 3.961 (s, 2H), 5.075 and 5.016 (s, 2H), 6.960 and 6.917 (s 2H) 7.430 and 
7.396 (s, 2H), and 7.30 (m, 5H). ^ 

F. Preparation of 

9-(2-(N-Methyl-N-(N / -succinimidyloxycarbonylmemyl)carb 
tramethyl-9H-xanthene (Ac2EtSF-512-Sar-NHS, Structure 2b) 

To a suspension of Ac2EtSF-512-Sar-OBn (0.45 g, 0.745 mol) in absolute ethanol (20 mL) was added 1<Wo 55 
palladium on carbon (0.05 g). The mixture was stirred under balloon pressure of hydrogen for 30 minutes. The 
catalyst was removed by filtration and the ethanol stripped off to afford a syrupy residue. 

This residue was dissolved in methylene chloride (25 mL) and N-hydroxysuccinimide (0.129 g, 1 .12 mmol) 
and 1-(3KJimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (0.292 g, 1.52 mmol) were added. The 
mixture was stirred for 30 minutes and then washed with water (3x15 mL). The solution was dried over sodium 30 
sulfate, concentrated to 10 mL, diluted to 40 mL with cyciohexane, charcoal treated, and reduced in volume to 
20 mL under a stream of nitrogen. The supernatant was decanted and the residue subjected to a second 
precipitation from methylene chloride to afford a colorless powder (0.27 g, 59P/6). Anal' Calc 
[C(31)H(34)N(2)0(11)J C 60.98, H 5.61, N 4.59. Found: C 60.28, H 5.71, N 4.40, 1.08% water (K-F). NMR 
(DMSO-d ) : (Shows a 5:1 mixture of rotamers about the amide bond.) 6 (major and minor) 1 .043 (t, J = 7 0 $s 
hz, 3H), 1.793 and 1.933 (m, 2H), 2.145 and 2.133 (s, 6H), 2.198 (m, 2H), 2.314 (s, 6H), 2.740 (s, 4H), 2.778 and 
2.821 (s, 3H), 2.900 (q, J=7.0 hz, 2H), 4.334 and 4.469 (s, 2H), 6.960 and 6.925 (s, 2HO, and 7.441 (s, 2H). 

EXAMPLE 17 

Preparation of N-Hydroxysuccinimide Ester 2c (A preferred reagent for attaching a 519 nm fluorescent dye 40 
to an alkynylamino-nucleotide wherein R 9 is CH 3 and R 10 is H) 

A. Preparation of 9-(2-Cai±K>xyetr^ictene^ (SF-519) 
2-Methylresorcinol (375 g, 0.300 mol) and succinic anhydride (30.0 g, 0.300 mol) were placed in a round 

bottomed flask and purged with nitrogen. Methanesulfonic acid (150 mL) was added and the solution was " 45 
stirred at 65°C for 4 hours under an atmosphere of nitrogen. The reaction mixture was added dropwlse to 
rapidly stirred, ice-cooled water (1 L) with simultaneous addition of 50% aqueous sodium hydroxide to 
maintain pH 6.0 +/- 0.5. The finely divided solid was collected by centrifugation and rinsed with water (4 x 250 
mL), each time resuspending, spinning down, and discarding the supernatant. The crude product was 
suspended in water (1 L) and sufficient aqueous sodium hydroxide (50%) was added to raise the pH to 105. so 
The solution was filtered and the filtrate brought to pH 1 5 with concentrated HCI. The product was collected by 
centrifugation and rinsed with water (3 x 350 mL) and acetone (3 x 250 mL) as described above. The resulting 
solid was azeotroped with toluene, collected by filtration, and vacuum-dried at 110°C to afford a brick-red 
powder (24.6 g, 53%). Anal: Calc. [C(18)H(16)0(5)] C 6952 H 5.16. Found: C 68.95 H 5.30, 0.80% water (K-F). 
NMR (DMSO-d 6 ) (mostly delta form): 6 2.164 (s, 3H), 2.177 (s, 3H), 3.376 (d, J»7.1 h*. 2H), 5.749 (t, J =75 55 
hz, 1H), 6.642 (d, J =8.8 hz, 1H), 6.672 (d, J=8.8 hz, 1H),7.216 (d, J-8.5 hz, 1H), 7527 (d, J -8.5 hz, 1H), 9.602 
(bs, 1H), and 9.758 (bs, 1H). Vis. abs. (pH 85: 50 mM aq Tris/HCI) max 500 nm (69,800). 

B. Preparation of 9-(2-C^oxyethyl)^,6-diac»toxy^ (Ac2EtSF-519) 

SF-519 (15.0 g, 48.0 mmol) was added to acetic anhydride (250 mL) and the solid was pulverized. 60 
(Sonication is useful to disperse the highly insoluble SF-519.) The suspension was ice-cooled, pyridine (50 mL) 
was added, and the mixture stirred for 20 minutes. The solution was filtered and added In a slow but steady 
stream to rapidly stirred ice-cold water (4 L). After stirring for an additional 20 minutes, the intermediate 
product was filtered, resuspended in water (3 L), and stirred for another 25 minutes. The solid was collected by 
filtration and air-dried. The dried intermediate was dissolved in absolute ethanol (600 mL) and refluxed for 1 65 
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hour. The solution was concentrated on a rotary evaporator to 200 mL which resulted in crystallization. The 
product was collected by filtration, air-dried, then vacuum-dried to afford colorless microcrystals (12.13 g, 
57%). 

An analytical sample was prepared by precipitation from methylene chloride solution with cyclohexane. 
5 NMR (DMSO-d 6 ): <H.033(t,J = 6.9 hz.3H), 1.674 (m,2H) f 2.189 (s t 6H) f 2.19 (m, 2H). £348 (s. 6H), £878 (q, 
J=6.9 hz, 2H), 7.006 (d, J=8.6 hz, 2H), and 7.399 (d, J-8.6 hz, 2H). 

C. Preparation of 9-(2-(N-Surcinimidyloxycarbonyl)^ 
(Ac2EtSF-519-NHS) 

10 Ac2EtSF-519 (7.80 g, 17.6 mmol) was mixed with methylene chloride (175 mL) and N-hydroxysuccinimide 
(2.75 g, 23.9 mmol) and 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (7.00 g, 36.5 mmol) 
were added. The mixture was stirred for 90 minutes and then washed with water (5 x 100 mL). The combined 
aqueous layers were back extracted with methylene chloride (2 x 50 mL) and the pooled organic layers were 
dried over sodium sulfate and stripped down. Trituration with ethanol (100mL) followed by filtration and 

15 air-drying afforded the product as a light yellow solid (7.45 g, 78%). 

Two recrystallizations from cyclohexane/methytene chloride with charcoal treatment afforded an analytical 
sample. M.p.: 16« 0 C. Anal: Calc. [C(28)H(29)N(1)O(10)] C 62.33, H 5.42, N 2.60. Found: C 62.17, H 5.47, N 
2.48. NMR (DMSO-d 6 : 6 1.051 (t, J=7.0 hz, 3H), 2.4 -£1 (m, 4H), 2191 (s, 6H), 2.337 (s, 6H), 2.715 (s, 4H), 
2.912 (q, J=7.0 hz, 2H), 7.015 (d, J=8.6 hz, 2H), and 7.429 (d, J»8.6 hz. 2H). 

20 

D. Preparation of 

9-(2-(N-methyl-N-(benzyloxycarborrylmemyl)carbox 
9H-xanthene (Ac2EtSF-51 9-Sar-OBn) 
To a solution of sarcosine benzyl ester (0.557 g, 3.11 mmol) in methylene chloride (19 mL) was added 

25 Ac2EtSF-519-NHS (1.30 g, 2.41 mmol) and 5% aqueous sodium bicarbonate solution (15 mL). The two-phase 
mixture was stirred rapidly for 1 8 hours. The layers were separated and the organic layer washed with 3 x 1 0 mL 
water, dried over sodium sulfate, and concentrated to 10 mL The solution was diluted to 40 mL with 
cyclohexane, charcoal-treated, and reduced to 20 mL under a stream of nitrogen resulting in the precipitation 
of the product as a sticky solid. The supernatant was decanted away and the residue coevaporated with 

30 methylene chloride to afford a colorless foam (0.97 g, 67%). 4 
Extensive vacuum drying afforded an analytical sample. Anal: Calc. [C(34)H(37)N(1)0(9)] C 67.65 H 6.18 N 
2.32. Found: C 67.43 H 6.37 N 2.32. NMR (DMSO-d 6 ) (Shows 55 mixture of amide bond rotamers.): 6 (major 
and minor) 1.044 and 1.020 (t, J^7.0 hz, 3H). 1.824 and 1.714 (m, 2H), 2.17 (m, 2H), £195 and £169 (s, 6H), 
2.346 and 2.337 (s, 6H), £720 and 2691 (s, 3H), 2.889 (q, J -7.0 hz, 2H), 3.959 and 3.988 (s, 2H), 5.073 and * 

35 5.048 (s, 2H), 7.000 and 6.954 (d, J»8.6 hz, 2H), and 7.45-7.25 (m, 7H). 

E. Preparation of 

9-(2-(N-Methyl-N-(N / -sucdnimidyloxy^ 
9-ethoxy-9H-xanthene (Ac2EtSF-519-Sar-NHS, Structure 2c) 

40 To a solution of Ac2EtSF~519-Sar-OBn (1.35 g, £24 mmol) in absolute ethanol (50 mL) was added 10% 
palladium on carbon (0.13 g). The mixture was stirred under balloon pressure of hydrogen for 20 minutes. The 
catalyst was removed by filtration and the ethanol stripped off to afford a syrupy residue. 

This residue was dissolved in methylene chloride (50 mL) and N-hydroxysuccinimide (0.39 g, 3.39 mmol) and 
1-(3-dimethyiaminopropyl)-3-ethyi<arDodiimide hydrochloride (1.57 g, 8.19 mmol) were added. The mixture 

45 was stirred for 75 minutes and then washed with water (4 x 15 mL). The solution was dried over sodium sulfate, 
concentrated to 25 mL, diluted to 125 mL with cyclohexane, charcoal treated, and reduced in volume to 50 mL 
under a stream of nitrogen. The supernatant was decanted and the remaining oil taken up in methylene 
chloride (5 mL) and added dropwise to rapidly stirred cyclohexane (75 mL) to afford a colorless powder (0.587 
g. 43%). 

50 To provide an analytical sample a portion of the product was taken up in methylene chloride, dried over 
molecular sieves, evaporated under a stream of nitrogen, and finally dried in a drying pistol at 48° C over 
phosphorus pentoxide for 20 hours. Anal: Calc. [C(31)H(34)N(2)0(11)J; C 60.98, H 5.61, N 4.59. Found: C 
60.15, H 5.71. N 4.51, water (K-F) 1.51o/o. NMR (DMSO-d 6 ) (Shows a4:1 mixture of amide bond rotamers.): 
d (major and minor) 1.039 (t, J-6.9 hz, 3H). 1.841 and 1.945 (m, 2H), 2.19 (m, 2H), 2.194 (s, 6H), 2345 (s, 6H), 

55 2.767 and 2.744 (s, 411), 2.778 and 2.825 (s, 3H). £888 (q, J-6.9 hz, 2H), 4.328 and 4.461 (s, 2H), 7.000 (d, 
J=8.6 hz, 2H), and 7.410 (d, J=8.6 hz, 2H). 

EXAMPLE 18 

Preparation of N-Hydroxysuccinimide Ester 2d (A preferred reagent for attaching a 526 nm dye to an 
60 alkynylamino-nucleotide wherein 
R 9 and R 10 are CH 3 ) 

A. Preparation of 2,4-Dihydroxy-3-methylbenzaldehyde 
Phosphorus oxychloride (80 mL, 0.86 mol) was added to a stirred mixture of N-methylformanilide (102 mL, 
65 0.82 mol) in ether (250 mL). The mixture was stirred for 1 hour at room temperature and then cooled in 

or 
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ice. 2-Methyl resorcinol (Aldrich, 100 g, 0.81 mol) was added and the mixture was aiiowed to warm to room 
temperature while stirring overnight. The precipitated intermediate product was collected by filtration and 
rinsed with ether (3x). The intermediate was hydrolyzed by dissolving in a mixture of acetone (250 mL) and 
water (250 mL) and stirring for 30 minutes. Water (2 L) was added, the mixture was brought to a boil, and then 
allowed to cool and deposit crystalline product. This was recrystallized a second time from water (4 L) to afford 5 
pure product (70 g, 57<Vb). M.p. 150°C (Lit. 152-3°C [W. Baker et a!., J. Chem. Soc. , 2834-5 (1949).]. NMR 
(DMSO-d 6 ): 5 1.973 (s,3H), 6.551 (d,J«8.5hz, 1H), 7.428 (d,J-8.5hz, 1H), 9.703 (s, 1H), 10.745 (s, tHj.and 
11.592 (s, 1H). 

B. Preparation of 2,4-dimethylresorcinol 10 
A solution of 2,4-dihydroxy-3-methylbenzaldehyde (30.0 g, 197 mmol) with isopropanol (3 L) was ice-cooled 

in a 5 L 3-neck flask fitted with a magnetic stirrer. Phosphoric acid (4 mL) and 1(Wb palladium on carbon were 
added and the solution was sparged with nitrogen, then hydrogen. When uptake was judged to be complete 
(c. 1.5 hour) the solution was again sparged with nitrogen and then filtered through Cellte® The solvent was 
stripped off, the residue taken up in ethyl acetate, and the resulting solution washed with water (4 x 100 mL). 15 
The water washes were back-extracted with ethyl acetate and the combined organic layers dried over sodium 
sulfate and stripped down. Sublimation (95°, 0.05 torr) afforded a colorless solid (19.6 g, 72*Vb). MP. 107-8°C 
(Lit. 108-109°C [W. Baker et al., J. Chem. Soc , 283^5 (1949).]). NMR (DMSO-d 6 ): 6 1.969 (s, 3H), 2.037 (s. 
3H), 6.220 (d, J=8.1 hz, 1H), 6.637 (d, J-8.1 hz, 1H), 7.929 (s, 1H), and 8.785 (s, 1H). 

20 

C. Preparation of 9-(2-Cafboxyethylidene)^,6-dihydroxy-2,4,5,7-tetramethyl-9H-xanthene (SF-526) 
2,4-Dimethylresorclno! (28.4 g, 0.205 mol) and succinic anhydride (20.0 g, 0.200 mol) were placed In a round 

bottomed flask and purged with nitrogen. Methanesulfonic acid (231 mL) was added and the solution was 
stirred at 70° C for 20 hours under an atmosphere of nitrogen. The reaction mixture was added dropwise to a 
rapidly stirred mixture of aqueous sodium hydroxide (95 g in 150 mL water) and Ice (3 L). Sufficient 25 
methanesulfonic acid was added to bring the final pH from 4.7 to 1.5. The resulting solid was collected by 
centrifugation and washed by suspending, spinning down, and decanting from water (5x15 L). The final 
suspension was collected by filtration, air-dried, then oven-dried at 1 1 0° C for 6 hours to afford a brick-red solid 
(30.6 g, 44<Vb). 

A second precipitation from alkaline solution, followed by centrifugation and water washes afforded an 30 
analytical sample. Anal: Caic. [C(16)H(12)0(5)] C 70.57, H 5.92. Found: C 70.39, H 6.00, 0.21<Vb water (K-F). 
NMR (DMSO-d 6 ) (mostly splrolactone form): d 2.172 (s, 12H), 2.508 (m, 2H), 3.342 (m, 2H), and 7.604 (s, 2H). 
Vis. abs. (pH 8.2; 50 mM aq Tris/HCI): 509 nm (71,300). 

D. Preparation of 9-(2-Cart)oxyethyi)^,6-diacetoxy-9^ (Ac2EtSF-526) 35 
SF-526 (25.2 g, 74 mmol) was added to ice-cold acetic anhydride (450 mL) followed by pyridine (100 mL) and 

the mixture was stirred with ice-cooling for 150 minutes. The reaction mixture was filtered men added in a slow, 
steady stream to rapidly stirred, ice-cold water (7 L). After stirring for an additional 30 minutes, the 
intermediate product was filtered, washed with water, resuspended in water (4 L) and stirred for another 30 
minutes. The solid was collected by filtration and air-dried to afford the splrolactone intermediate (28.9 g). A 40 
portion of this intermediate (18.6 g) was dissolved in absolute ethanol (1 L), and refluxed for 90 minutes. The 
solution was concentrated on a rotary evaporator to 300 mL which resulted In crystallization. The product was 
collected by filtration, rinsed with ethanol, air-dried, then vacuum-dried to afford colorless mlcrocrystals (11.6 
g, 52^/0 based on amount of intermediate used). 

Recrystallization from methylene chloride/cyclohexane with charcoal treatment gave colorless microcrys- 45 
tals. M.p. : 154-1 55° C. Two evaporations from methylene chloride removed traces of cyclohexane for analysis. 
Anal: Calc. [C(20)H (20)0(5)] C 70.57, H 5.92. Found: C 70.39, H 6.00, 0.21<Vb water (K-F). NMR (DMSO-d 6 ) 
(mostly splrolactone form): 6 2.172 (s, 12H), 2.508 (m, 2H), 3.342 (m, 2H), and 7.604 (s, 2H). Vis. abs. (pH 8.2; 
50 mM aq Tris/HCI): 509 nm (71,300). 

50 

E. Preparation of 

9-(2-(N-Succinimidy!oxycarbonyl)-etlTyO^ 
(Ac2EtSF-526-NHS) 

Ac2EtSF-526 (4.70 g, 9.99 mmol) was mixed with methylene chloride (75 mL) and 1-(3-dimethylaminopro- 
pyI)-3-ethylcarbodiimide hydrochloride (3.10 g, 16.2 mmol) and N-hydroxysucclnlmide (1.50 g, 13.0 mmol) 55 
were added. The mixture was stirred for 90 minutes and then washed with water (4 x 50 mL). The combined 
aqueous layers were back extracted with methylene chloride (50 mL) and the pooled organic layers were dried 
over sodium sulfate and stripped down. Trituration with ethanol (75 mL) followed by filtration and air-drying 
afforded the crude product as a light yellow solid (c. 4.7 g). This material was dissolved in methylene chloride 
(50 mL) and cyclohexane (50 mL) was added. One teaspoon of charcoal was added, the mixture was flftered, 60 
and the product was brought down with an additional portion of cyclohexane (25 mL). Collection by filtration, 
air-drying, and vacuum-drying afforded colorless crystals (3.14 g, 55%). 

A second precipitation from methylene chloride with cyclohexane afforded an analytical sample. Anal: Calc. 
[C(30)H(33)N(1)O(10)]; C 63.48, H 5.86, N 2.47. Found: C 63.08, H 6.00, N 2.37. NMR (DMSO-d 6 ): d 1.058 (t, 
J =6.9 hz, 3H), 2.136 (s, 6H), 2.155 (s, 6H), 2.228 (m, 4H), 2.371 (s, 6H), 2.748 (s, 4H), 2.918 (q, J =6.9 hz, 2H), 65 
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and 7.300 (s, 2H). 

F. Preparation of 

9-(2-(N-mewyl-N-(ber^loxyca/bontf^ 

5 (Ac2EtSF-505-Sar-OBn) 

To a solution of sarcosine benzyl ester (0.72 g, 4.02 mmol) in methylene chloride (40 mL) was added 
Ac2EtSF-526-NHS (1.82 g f 3.21 mmol) and &>J6 aq sodium bicarbonate solution (30 mL). The two-phase 
mixture was stirred rapidly for 20 hours. The layers were separated and the organic layer washed with 4 x 15 mL 
water, dried over sodium sulfate, and concentrated to 15 mL The solution was diluted to 100 mL with 

10 cyclohexane, charcoaMreated, and reduced to 50 mL under a stream of nitrogen resulting in the precipitation 
of the product Filtration followed by air-drying afforded a colorless solid (0.96 g, 47%). 

Coevaporation with methylene chloride followed by extensive vacuum drying afforded an analytical sample. 
Anal: Calc. for [C(36)H(41)N(1)0(9)] c 68.46, H 6.54, N 2.22. Found: C 68.29, H 6.70, N 2.07. NMR (DMSO-d 6 ) 
(Shows 5:2 mixture of amide bond rotamers.): S (major and minor) 1.049 and 1.027 (t, J=6.8 hz 3H) 1 783 

15 and 1.700 (m. 2H), £129 and 2.099 (s, 6H), 2.159 and 2.129 (s, 6H), Z14 (m, 2H). 2.379 and 2.371 (s, 6H)', 2.699 
and Z690 (s, 3H), 2.873 (q, J=6.8 hz, 2H), 3.958 and 3.976 (s, 2H), 5.075 and 5.019 (s, 2H), 7.266 and 7.233 (s, 
2H), and 7.25-7.40 (m, 5H). 

G. Preparation of 

20 9-(2-(N-Methyl-NKN'-sucx;inim^ 

tramethyl-9H-xanthene (Ac2EtSF-526-Sar-NHS, Structure 2d) 

To a solution of Ac2EtSF-526-Sar-OBn (0.96 g, 1.52 mmol) in absolute ethanol (40 mL) was added 10% 
palladium on carbon (0.10 g). The mixture was stirred under balloon pressure of hydrogen for 30 minutes. The 
catalyst was removed by filtration and the ethanol stripped off to afford a syrupy residue. 

25 This residue was dissolved in methylene chloride (40 mL) and N-hydroxysuccinimide (0.26 g, 22B mmol) and 
1-(3-dimethylaminopropyl)-3-etr^-<»rbodflmide hydrochloride (0.59 g, 3.08 mmol) were added. The mixture 
was stirred for 30 minutes and then washed with water (4x 15 mL). The solution was dried over sodium sulfate, 
concentrated to 15 mL, diluted to 100 mL with cyclohexane, charcoal treated, and reduced in volume to 50 mL 
under a stream of nitrogen. The product was collected by filtration, air dried, and vacuum dried to afford 

30 colorless microcrystals (0.573 g, 59*Vb), 

Coevaporation with methylene chloride followed by extensive vacuum drying at 40° C removed traces of 
cyclohexane and afforded an analytical sample as an amorphous solid. NMR (DMSO-d 6 ): 6 1.043 (t, J=6.7 
hz, 3H), 1.82 (m, 2H), 2.130 (s, 6H), 2.157 (s, 6H), 2.15 (m, 2H), 2.378 (s, 6H), 2.748 (s. 4H), 2.778 (s, 3H), 2.891 
(q, J-6.7 hz, 2H), 4.327 (s, 2H), and 7J275 (s, 2H). 

35 

EXAMPLE 19 

A GENERAL METHOD FOR COUPLING ALKYNYLAMINONUCLEOTIDES WITH N-HYDROXYSUCCINIMIDE 
ESTERS 2. PREPARATION OF FLUORESCENTLY-LABELED CHAIN TERMINATING 

40 ALKYNYLAMINO-NUCLEOTIDES 34-37 

Alkynylamino-nucleotide triphosphate 49 (10 micromole, from Example 3J) was taken up in water (0.050 mL) 
and diluted with dimethylformamide (0.100 mL). A solution of N-hydroxysuccinimide ester 2a (12.3 mg t 21 
micromole, 2.1 eq, from Example 15E) in dimethylformamide (0.100 mL) was added and the mixture was stirred 
at 50° for 4 hours. Concentrated ammonium hydroxide (0.25 mL) was added, the reaction vessel was tightly 

45 stoppered, and heating at 50° was continued for 25 minutes. The resulting red solution was diluted to 10 mL 
with water and applied to a column of DEAE-SephadexA-25-120 (1 x 19 cm bed) that had been equilibrated 
with 1.0 M pH 7.6 aqueous TEAB (50 mL) and then 02 M pH 7.6 aqueous TEAB (50 mL). The column was eluted 
with a linear gradient of pH 7.6 aqueous TEAB from 0.4 M (150 mL) to 0.7 M (150 mL). The column was driven at 
100 mL/h collecting fractions every 3 minutes. The eluent was monitored by absorbance at 498 nm (40 AUFS). 

50 Two lesser by-product bands eluted first followed by the stronger product band with baseline resolution. The 
fractions estimated to contain pure product were pooled, stripped down (T<30°), co-evaporated three times 
with absolute ethanol, and taken up in water (0.74 mL). The solution was assayed by visible absorption (pH 
8.2 50 mM aqueous Tris buffer) and lyophilized. A dilute solution of the product displayed an absorption 
maximum at 487.5 nm. Assuming an absorption coefficient for the product equal to that of the free dye 

55 (72,600), the yield of labeled alkynylamino-nucleotide 37 was 42 micromole (42%). 

The above procedure produced fluorescently-Iabeled chain terminator 37 wherein Het is a 7-deazaguanine 
(k). Labeled chain terminators 34 (Het is uracil (h)), 35, (cytosine (i)), and 36 (7-deazaadenosine (j)) were 
prepared following similar procedures by coupling alkynylaminonucieotide triphosphates 46, 42 and 51 with 
N-hydroxysuccinimides 2d, 2c, and 2b, respectively. Other fluorescently-Iabeled nucleotide triphosphates 

60 were also prepared by the same methods. 
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Claims 



1 . An alkynylamino-nucleotide having the structure: 
Nuc-C=C-R t -NR 2 R3 
wherein R t is a diradical moiety of 1-20 atoms. 

R 2 andR 3 are, independently, H.C! -C 4 alkyl or a protecting group, and 
Nuc is R 4 -Het having the structure 

XX- XX • 00 or XX) 

R 4 R 4 R 4 *A 

Z is H or NHj , and 
R. is 



R 6 R a 



75 



20 



25 



30 



wherein 

R 6 isH,P0 3 H 2 ,P 2 0 6 H 3 ,P 3 0 9 H 4 or salts thereof, and 

(i) whenR 7 =R 8 ~H.thenR 6 «H,OH,F,N 3 orNHj ;or 

(ii) when R 7 = H and R 8 -OH, then R 6 -H or OH; or 

(iii) whenR 7 = OHandR 8 =H,thenR 6 =OH. 

2. An alkynylamino nucleotide according to claim 1 wherein R, is straight chained C t -C 10 alkylene 35 
moiety. 

3. An alkynylamino nucleotide according to claim 2 wherein R 1 is-CH 2 

4. An alkynylamino nucleotide according to daim 1, 2 or 3 wherein R 2 is H and R 3 Is H or a protecting 
group. 

5. An alkynylamino-nucleotide according to any one of the preceding claims wherein R 4 Is a 40 
chain-terminating sugar. 4 

6. A labeled alkynylamino-nucleotide wherein R 3 in an alkynylamino-nucleotide as claimed in any one 
of the preceding claims is a reporter group. 

7. A labeled alkynylamino-nucleotide according to claim 6 wherein R 3 is a fluorescent group 

8 A process for preparing 2-thioalkoxy-6-alkoxy-7-iodo-7Kieazapurlnes including the step of treatinq 45 
2-thioalkoxy-6-alkoxy-7-dea2apurines with N-lodosucclnlmide for the regloselectlve Introduction of iodine 
atthe7-position. 

9. A process of preparing 7-(3-amino-1-propynyl)-2' l 3'-dideo)cyguanoslne ^-triphosphate comprising 
the steps of: 

(A) contacting 6-methoxy-2-methylthio-7-deazapurine with 1-chloro-2-deoxy-3,6-di-0-p-toluoyl- 50 
-D-ribofuranose in presence of sodium hydride; 

(B) hydrolyzlng the ester product 9 of step (A) under basic condition to diol 10; 

(C) protecting the 5-OH position in diol 10 with a trityl group; ~~ 

(D) removing the 3-OH group by reducing an intermediate thionocarbonate with a tin hydride 
reducing agent; 3 ^ 

(E) treating the dideoxydeazapurine 12 resulting from step (D) with N-lodosuccinimide to form the 
7-iodo derivative 13; 

(F) contacting compound 13 with sodium thiocresolate in hexamethylphosphoramide to form the 
7-deazapurin-6-one 14; 

(Q) treating compound 14 successively with meta-chloroperoxybenzoic acid and ammonia to 60 
obtain the 7-deazaguanosine 15; 

(H) coupling N-propargyltrifluoroacetamide to the deprotected 7-iodo compound 16 to obtain 
7-(3-trifluoroacetamido-1-propynyl)-2',3 / -dideoxy 7-deazaguanosine; and ~" 

(I) converting the product of step (H) to the 5' triphosphate followed by deprotection 

10. A process for preparing 6-chloro-7-iodo-7-deazapurines including the step of treating 6-chloro- 65 
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7-deazapurines with iodine monochloride for the regioselective introduction of iodine at the 7-position. 

11. A method for preparing alkynylamino-nucleotides by coupling iodo-nucleotides having an iodine 
atom attached to a carbon atom within the heterocyclic base with terminal alkynyl amines using a 
bis(triphenylphosphine) palladium dichloride/cuprous iodide catalyst, characterised by the use of a 
tetrakIs(triphenylphosphine)palladium(0)/ cuprous iodide catalyst. 

12. 7-lodo-nucleotides having the structure: 



O 

10 



*4 

15 

wherein Z and are as defined in claim 1 . 
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